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ON   THE  DISTANCE   AND   MOTION   OF   THE   CLUSTER   PR.ESEPE, 

By   BANCROFT   WALKER   SITTERLY. 


Dr.  Kohlschutter  in  a  recent  paper'  describes  an 
investigation  into  the  relation  between  magnitude  and 
spectral  type  in  Boss's  Taurus  cluster  and  in  Prccse-pe, 
based  on  objective  prism  plates  taken  at  Potsdam. 
He  finds  that  the  relation  is  the  well-known  one  of 
Russell's  dwarf  classification  with  a  few  giants  also 
presenf*.  Assuming  that  stars  of  the  same  type  in 
the  two  clusters  have  the  same  average  real  brightness, 
he  determines  the  parallax  of  Prccsepe  to  be  0".0072; 
and  shows  that  this  parallax  fits  excellently  with 
Schwahzschild'.s^  suggestion  that  the  motions  in 
space  of  Proesepe  and  Tmirus  are  the  same.  The 
present  writer  has  repeated  Kohlschutter's  process, 
using  the  stars  of  the  Taurus  and  Prcesepe  clusters 
which  are  found  in  the  Henry  Draper  Catalog.  All 
Boss's  stars  are  in  the  catalog,  and  their  magnitudes 
and  .'spectra  are  gi^'en  in  Table  I.  For  Prcesepe.  ^'AN 
Rhijx''  has  determined  the  proper-motions  of  its  stars 
down  to  the  thirteenth  magnitude.  Those  above 
magnitude  9.0  show  a  conspicuous  group-motion^. 
There  are  forty-one  of  them;  all  but  four  have  the 
position-angles  of  their  motions  in  the  third  quadrant, 
and  these  thirty-seven  give 

M  (centennial)  =  3".52  ±0".07  4>  =  240°.8  ±  T.O 
The  fainter  stars  show  no  such  preference;  their 
motions  are  in  all  directions;  and  it  was  decided  to 
picK  out  iruiu  liieni  those  stais  vrhosc  moJoiis  -were 
within  1"  per  century  of  the  mean  of  the  brighter 
stars  (i.  e.,  for  which  VImx  -  3".0)=  -|-  {fiy  -  1".7)* 
<!")•  Sixty-five  probable  members  of  the  system, 
down  to  the  thirteenth  magnitude,  were  thiis  selected. 

'A.  Kohlschutter,  Aslroiiomische  Nachricklcn,  5055  (211,  289, 
1920). 

^H.  N.  Russell,  Popular  Astronomy  22,  275-294  and  331-351, 
1914. 

'  K.  ScHWAHZSCHiLD,  Aslrn7iomische  Nachrichten  4681  (196,  9, 
1913). 

^  P.  J.  V.VN  Rhijn,  Publications  of  the  Astronomical  Laboratory 
at  Groningen,  No.  26,  1916. 

'  Kohlschutter,  loc.  cit.,  p.  299. 
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5.5 

A5 

819 
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5.5 

FO 

835 

8.8 

GO 

568 

6.7 

F2 

836 

7.6 

GO 

677 

6.0 
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8.0 
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4.2 

A2 
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7.8 

GO 

27991 

6.4 

F8 

375 

5.8 

FO 

28034 

7.4 

GO 

29488 

4.8 

A3 

2S052 

4.6 

A  5 

Seven  of  these,  and  thirty-five  out  of  the  thirty-seven 
brighter  stars  are  in  the  Henry  Draper.  Catalog..  The 
forty-two  are  given  in  Table  II.  Figure  I  shows  both 
clusters  plotted  together,  magnitude  against  spectral 
type. 

There  is  considerable  systematic  difference  between 
Kohlschutter's  magnitudes  and  spectral  types  and 
those  of  the  Draper  Catalog,  but  the  character  of  the 
relation  is  not  aflected.  The  decrease  in  brightness 
with  increasing  redness  is  sensibly  linear  in  the  Taurus 
cluster.     In  Prcesepe  the  decrease  is  less  regular.     The 
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Pra'sepe 

V.\x 

Vis. 

Spec- 
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AO 
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AO 
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KO 
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AO 
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AO 

279* 

709 

8.7 

AO 
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Vis.    Spec- 
Mag,  t  truin 


S.7 
9.1 
6.3 
9.1 
6.7 


AO 
AO 
A2 
.\5 
A5 


S.9  A  2 

6.S  A3 

9.5  A  2 

9.5  FO 

5.5  .\3 

8.6  A3 


7.0 
9.2 
7.9 
8.0 

9.5 
9.3 


KO 
FO 
A3 
A5 

FO 
(JO 


2S4*     73712       6.8     FO 

*  Stars  used  in  determining  mean  proper-motion. 

t  To  obtain  absolute  magnitude,  subtract  6.3  from  those  values. 

later-type  stcar.s  in  Pnesepe  fall  noticeably  l)elo\v  th(! 
line  drawn,  in  the  figure,  with  the  slope  that  fits  the 
Taurus  stars;  but  if  the  fifty-eight  stars  too  faint  for 
the  Draper  Catalog  were  added  they  would  very  much 
raise  the  average  here.  In  fact,  since  the  mean  mag- 
nitude of  these  omitted  stars  is  11.4,  if  their  mean 
spectral  type  is  GO  the  point  representing  their  mean 
will  fall  almost  exactly  on  the  line.  It  is  clear  that 
the  clusters  are  similar  in  general  makeup,  even  to  the 
presence  in  each  of  a  group  of  giants  travelling  with  the 
dwarfs. 

Magnitudes  in  the  two  clusters  were  compared,  type 
for  type.  The  means  of  the  A2  and  A3  stars  were 
taken  together,  the  A5  stars  by  themselves,  the  FO, 
r2  and  F5  stars  together,  and  all  the  "giants"  by 
themselve.'^.     In  the  Tnuriis  cluster  all  the  stars  above 
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4'".1  and  in  Pra;sepe  all  above  7"'.l  were  considered 
giants.  The  AO  stars  in  Prcesepe  could  not  be  used,  for 
there  are  no  Taurus  AG's.  Of  the  F8,  and  G  stars 
only  those  in  the  Taurus  cluster  which  were  of  7.6  or 
brighter  were  included,  since"  this  limit  appeared  to 
correspond  approximately  t"  the  cutting-off  of  the 
Pra;sepe  stars  at  10.1  b>-  the  magnitude  limit  of  the 
Draper  Cataloq.  The  gniui)s  were  weighted  according 
to  the  number  of  stars  in  each,  but  the  F8-Ci  group 
was  given  half  wciglit.  The  results  appear  in  Table 
III.  The  ratio  of  the  i)arallax  of  Prwsepe  to  that  of 
the  Taurus  cluster  comes  out  0.229  ±  0.017. 

The  parallax  of  the  Taurus  cluster  is  very  well 
determined  by  four  different  methods.  From  the 
motion  Boss"  made  it  0".025.  Kapteyn's'  trigono- 
metric determination  gave  0".023.  Adams*  obtained 
0".021  by  the  spectroscopic  method,  and  Hertz- 
sprung*  from   the   apparent  contraction  ol'   the  group 

^  L.  Boss,  Aslronomical  Journal  604  (26,  31,  1908). 

'  J.  C.  Kapteyn,  Publicalions  of  the  Aslronomical  LahoraUirtj  at 
Groningen,  No.  23,  1909. 

*  Adams,  Joy  and  Stromberg,  Publicalions  of  Ihe  Aslronomical 
Sociely  of  the  Pacific,  32,  194,  1920. 

^  E.  Hertszprung,  Aslronomische  Nachrichlen  5000  (200,  113, 
1919). 
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Table  III 

Taurus  Pra;sepe 

Mean        No.  of      Mean       No.  of      Magn. 
Magn.        Stars       Magn.        Stars         DifT. 


Wt. 


A2-A3 

5.12 

4 

8.48 

8 

3.36 

A5 

4.93 

() 

8.80 

5 

3.87 

F0-F2-F5 

5.94 

10 

9.15 

6 

3.21 

F8-G0-G5* 

7.32 

5 

9.77 

3 

2.45 

GiantsJ 

3.80 

5 

6.66 

10 

2.86 

Weighted  Mean  =  3.2  ±0.16 
Parallax  of  Prtrsepe 
Parallax  of    Tnurus 


=  0.229  ±0.017 


*  For  Taurus,  stars  above  7"\7,  for  Prcesepe,  above  10™.2. 

t  Half  weight. 

t  For  Taurus,  all  stars  above  4"'.l,  for  ProBsepe,  all  above  T".l. 

caused  by  its  recession  found  0".027.     The  mean  is 
0".024  ±O".0Ol,  whence  the  parallax  of  Prcesepe  is 

0".0055    ±0".0006 

The  proper-motion  of  Prmsepe  is  very  nearly  toward 
the  convergent  of  the  Taurus  cluster,  and  Schwarz- 
schild'"  pointed  out  that  if  the  two  clusters  really  have 
the  same  actual  speed  and  the  same  convergent  the 
parallax  should  be  0".0063,  given  the  speed  44  km./ 
sec,  the  proper-motion  0".036  per  year  and  the  dis- 
tance from  the  position  of  Prcesepe  on  the  sky  to  the 
convergent,  37°.5.  The  radial  velocity  would  be  34.8 
km. /sec.  and  the  position  angle  of  the  proper-motion 
255°.  He  found  the  observed  radial  velocity  36  km./ 
sec.  a  very  close  agreement,  and  his  parallax  is  only 
0".0009  less  than  KoHLSCHiJTTER's  and  0".0008  greater 
than  the  result  of  the  present  paper.  Kohlschtjtter, 
from  his  own  sUghtly  different  values,  obtained  by  the 
same  method  0".0058. 

All  this  is  strong  evidence  for  the  connection  between 
the  clusters,  but  the  position  angle  of  the  proper- 
motion  is  discordant.  The  observed  angle  of  the 
motion  is  241°  with  a  probable  error  of  only  1°.  The 
actual  error  may  well  be  greater,  but  it  seems  unlikely 
that  it  is  ten  times  as  great.  For  the  error  in  the 
Taurus  convergent  is  given  by  Boss''  as  no  more  than 
1°.5  in  right  ascension  and  0°.3  in  declination,  so  that 
practically  the  whole  fourtocn-degree  shift  must  come 
in  the  angle  at  Prcesepe. 

To  put  it  differently,  with  the  parallax,  proper- 
motion,  and  radial  velocity  of  Prcesepe  known,  its  own 
convergent  can  be  computed;    its  position  comes  out 

'"  SCHWAKZSCHILD,   loC.  cit.,  p.    10. 

''  Boss,  loc.  cit.,  p.  33. 


a  =  93°. 7,  6  =  — 1°.9,  and  the  velocity  in  space  of  the 
cluster,  relative  to  the  Sun,  is  47.2  km. /sec.  The 
velocity  is  very  close  to  the  value  of  45.6  km. /sec, 
which  Boss  gives  for  the  Taurus  cluster,  but  the  con- 
vergent is  nine  degrees  south  of  his,  the  difference  being 
almost  entirely  due  to  the  value  of  i/*  for  Prcesepe. 

The  propei--motions  of  Prcesepe  were  reduced  by 
Van  Rhijn  to  the  system  of  Boss's  Preliminary  Gen- 
eral Catalog,  the  reduction  depending  on  nine  stars  ■ 
common  to  Van  Rhijn,  Boss,  and  Schur's'-  heliometer 
measures  on  the  brighter  stars  of  Prcesepe.  These 
nine  stars  all  belong  to  the  physical  cluster.  The 
mean  of  their  proper-motions,  taken  directly  from 
Boss,  gives  fi  (centennial)  =  3". 5  i/'  =  239°;  Van 
Rhijn's  proper-motions,  reduced  to  Boss,  give 
/I/  =  3". 7  \l/  =  237°.  The  proper-motions  of  the 
Taurus  cluster  are  referred  to  the  same  system.  Boss 
himself"  however  finds  a  probable  correction  to  his 
system,  which  changes  the  mean  proper-motions  of  the 
clusters  to 

Taurus:    ,x  =  11".36,   ^p  =  104°.2 
Prwsepe:    p.  =  3".24,    i  =  241°.  1 

The  convergent  of  the  Taxirus  cluster  (which  was  deter- 
mined not  from  the  mean  proper-motion  of  the  cluster 
but  from  the  variation  of  proper-motion  Mith  position 
among  the  separate  stars)  is  not  appreciably  shifted  by 
the  substitution  of  these  new  values.  The  convergent 
of  Prcesepe  is  moved  more  than  three  degrees  toward 
the  cluster  and  the  velocity  becomes  45.8  km. /sec, 
only  0.2  km.  greater  than  that  of  the  Taurus  cluster; 
but  the  position  angle  is  changed  less  than  a  third  of  a 
degree. 

Since  the  variation  in  4'  is  independent  of  that  in 
p,  p.,  and  TT,  the  uncertainties  of  these  quantities,  how- 
ever large,  will  not  give  any  leeway  for  diminishing  the 
distance  between  the  two  convergents.  The  effect  on 
the  convergent  of  these  uncertainties  was,  however, 
computed  b}'  differentiating  with  respect  to  p,  p,  and  ir 
the  equations  for  the  position  of  the  convergent.  The 
allowable  deviations  in  p  and  tt  were  taken  equal  to 
their  probable  errors.  In  p  the  deviation  was  estimated 
from  Sciiwarzschild's  data  as  about  5  km. /sec.  The 
combined  deviations  of  the  three  quantities  gave  a 
maximum  allowable  deviation  in  the  position  of  the 
convergent  from  (a  =  87°,  5  =  —7°)  to  (a  =  107°, 
S  =  -H7°),  using  the  mean  position, 

'^  W.  ScHUR,  Astronomische  Mittheilungen  von  der  Kiinigliche  Stern- 
warte  zu  GoUingen,  Vierter  Theil,  1895. 

''  L.  Boss,  Preliminary  General  Catalog  of  61.S8  Stars  for  1900,  p. 
XXVII. 
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a  =  96°.8,  5  =  -0°.4 

obtained  by  applying;  Boss's  correction  to  the  proper- 
motion.  Figure  II  shows  the  aUowable  devniation  as  a 
shaded  area  for  each  convergent. 

FUJUKK    II 


7'  —  Po.sitioii  of  Taurus  Cluster 

P — Position  of  Prwsepe 

7" — -Convergent  of  Taurus 

P' —  Convergent  of  Proesepe 
A  B  —  Trace  of  Plane  containing  the  two  clu.st.or.s  .'ind  the  line  of 
motion  of  Taurus 

C  —  Convergent  of  61  Cygni  Group 
M  —  Convergent  of  Corlin's  Mojwceros  Group 

I — -Convergent  of  Kaptevn's  Group  I 
XY  —  Galactic  Equator 

This  figure  .sliows  graphically  llu;  difficulty  of  recon- 
ciling the  facts  with  the  hypothesis  of  parallel  motion. 
But  the  practical  identity  of  velocity  of  the  two  clusters 
suggested  to  the  writer  that  perhaps  their  paths 
diverged  from  a  common  point  in  space.  In  that 
case,  the  two  paths  must  lie  in  the  same  plane,  that  is, 
the  trace  on  the  celestial  sphere,  of  a  plane  containing 
the  positions  and  motions  in  space  of  the  two  clusters, 
must  pass  through  both  convergents.  A  trial  showed 
at   once    that    this  is  imi)()ssible;    the  trace  of  such  a 


I)lau(',  containing  the  two  clusters  and  the  i)ath  of 
the  Tdiirus  cluster,  passes  of  course  through  the 
Taurus  convergent,  but  it  is  almost  at  right  angles 
to  the  line  joining  the  convergents,  as  is  shown  in 
Figure  11,  wheic  the  line  A B  is  the  trace  of  the  plane. 
It  would  seem  then  tliat  the  connection  between 
Prwsepe  and  the  Tdunis  cluster  is  not  direct.  An 
indirect  connection,  on  tlic  other  hand,  is  a  very 
reasonable;  supposition.  If  we  remove  the  effect  of  the 
solar  motion'*  from  our  results,  the  apices  and  absolute 
motions  of  the  clusters  are: 

Taurus:  a  =  93°.o,  5  =  +29°.0,  V  =  32.0  km. /sec. 
Prwsepe:  a  =  100°.9,  5  =   +1S°.7.  V  =  30.1       km. /sec. 

These  apices  are  in  the  neighlK)rhood  of  the  vertex 
(a  =  93°.3,  5  =  10°.l)"  of  Kapteyn's  Drift  I  relative 
to  Drift  II.  The  apices  of  Corlin's  Monoceros  Group'* 
and  the  61  Cygni  Group'''  are  near  here,  and  Wilson" 
notes  that  the  apices  of  a  large  proportion  of  his  selected 
hundred  stars  fall  in  the  same  region.  The  con- 
vergents of  the  Monoceros  and  61  Cygni  clusters  and  of 
Drift  I,  relative  to  the  Sun,  are  charted  on  Figure  II. 
The  61  Cygni  convergent  is  particularly  near  that  of 
Prcesepe,  but  the  velocity  of  that  group  is  much  higher 
than  PrcBsepe;  moreover,  the  61  Cygni  stars  are  of 
F-,  G-  and  K-type  only,  while  Prcesepe  appeares  to 
include  all  types,  those  within  range  of  the  Draper 
Catalog  being  mostly  A's.  It  appears,  then,  that  the 
Taurus  cluster  and  Prcesepe  may  be  considered  inde- 
pendent memVjers  of  Drift  I,  sharing  whatever  con- 
nection of  origin  or  dynamic  influence  the  membership 
may  signify. 

'*  For  convenience  the  solar  apex  was  taken  as  (a  =  270°, 
5  =  +30)  and  the  Sim's  velocity  20  km. /sec. 

'^  A.  S.  Eddington,  Monlhhj  Notices  of  the  Royal  Axtrouomical 
Society  71,  35,  1910.  Eddington  uses  a  slightly  different  solar 
motion,  .so  his  apex  for  Drift  I  has  been  corrected  here  for  the 
difference. 

"■  A.  CoKLiN,  Astronomical  Journal  782  (33,  120,  1920). 

'^B.  Boss,  Astronomical  Journal  633  (27,  69,  1012). 

"*  H.  C.  Wilson,  Lick  Ohs.  Bulletin  214  (7,  61,  1912). 


StJMM.MiY  OF   D.\'i'A   Regarding  Prcvsepe 


Position  of  Center  (190()j 

Parallax,  ir, 

Centennial  Proper-Motion,  n* 

Position  Angle  of  Proper  Motion,  \j/, 

Radial  velocity,  p, 

Convergent  relative  to  Sun* 


a  =  8''  34"'      5  =   +20°.l 

(Gal.  long.  =  174°,  Gal.  lat. 

0°.0055  ±0°.0006 

3".24  ±0".07 

241°.l   ±1.0 

36  km. /sect 

a  =  6'-  27"'     0  =   -0°.4 

(Gal.  Long.  =   179°,  Gal.  lat. 


-34°) 


-3°) 


*Proper-motions  referred   to   Boss's  system,   with   liis  probable  correction   applied. 
tUncerlain. 
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„  =  Qh  44,„     5  =  +18°.7 

(Gal.  long.  =  164°,  Gal.  Lat.  =  +9") 

30.1  km./sec. 


Apex  of  Absolute  Motion,* 
Absolute  Velocity  in  Space,* 
Distribution  of  Stars: 

Spectrum 

AO 

A2-A3 

A5 

F0-F2-F5 
F8-G0-G5 
KO 

No.  of  probable  members  of  system,  clown  to  visual  magnitude  13  (absolute  magnitude  7) 
Diameter  of  Cluster  3  parsecs 

*Proper-motions  referred  to  Bos.s's  system,  with  liis  probable  correction  applied. 

Princeton  University  Obseri'otory, 
April,  19^1. 


Absolute 

M 

iGNITUBE 

+0  to  0.9 

1.0  to  1.9 

2.0  to  2,9 

3.0  to  3.9 

3 

1 

5 

1 

2 

4 

3 

1 

2 

1 

3 

1 

2 

1 

2 

3 

1 

0 

0 

3 

3 

0 

0 

0 

OBSERVATIONS  OF  THE  SATELLITES   OF    URANUS, 

with  the  26-inch  equatorial  of  the  u.  s.  naval  observatory, 

By   .\S.\PH   hall. 

[Conimuiiicated  by  Captain  W.  D.  MacDougall,  I'.  S.  Navy,  Superintendent.] 


100 


Date 

G.  M.  T, 

V 

G.  M.  T. 

s 

Comp. 

See'g 

Remarks 

Uranus  —  Titania 

1920  Aug, 

8 

II     III     i 
16  59     1 

166.76 

17    3     1 

31.44 

4,  4 

f 

Power  367. 

21 

16  14  23 

344.61 

16  15  44 

31.77 

4  ,4 

g 

Faint.     Haze.     Fog. 

Sep, 

3 

17     1  47 

165.48 

17     1  33 

31.06 

4,6 

f-g 

Faint.     Haze 

4 

16  39  25 

176,28 

16  43  42 

26.56 

4,  4 

g 

Faint. 

15 

15    9  34 

329.63 

15  12  57 

19.78 

4  ,4 

f 

Very  faint. 

16 

16     1  46 

343.91 

16    0  26 

31.47 

4,  4 

P 

17 

14  41  43 

354.22 

14  42  30 

.28.75 

4,4 

f 

21 

15  29  19 

171.13 

15  31  49 

30.31 

4,4 

f 

Faint.     Haze.     Moonlight. 

Oct, 

5 

15    7  59 

3.88 

15  14  46 

20.55 

4,4 

P 

14 

14  10  37 

16.06 

14  34  24 

15.66 

3,4 

f 

Very  faint.     Haze.     Too  poor 

to^finish. 

17 

14  29  34 

170,24 

14  28  45 

31.30 

4,  5 

f 

Seeing  poor  for  last  two  p's. 

Xov. 

4 

13  29  11 

177,14 

13    6  56 

27.06 

4  ,4 

P 

13 

13  42  36 

179.89 

13  43  59 

22.96 

4  ,  4 

f 

Eyepiece  fogged. 

Uranus  ■ —  Oberoti 

1920  Aug. 

26 

16     1     9 

352,59 

15  50  34 

38.68 

4,4  ;      f 

Faint.     Haze.      Moonlight. 

Sep. 

2 

15  37  43 

174.84 

15  45    6 

35.68 

4,4      f 

Faint. 
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Date 


G.  M.  T. 


G.  M.  T. 


Comp.|See'g| 


Hemark.s 


1920  Sep.  3 
14 
15 

21 
22 
Oct.  5 
11 
15 

17 
Nov.   13 


15  53  39 

188.37 

15     1    4 

165.32 

16  35    2 

172.58 

16  13  34 

347.03 

15    8  15 

353.92 

15  57    5 

350.47 

15    9  12 

166.77 

14  18  21 

291.07 

15  52  15 

340.09 

14  39  28 

340.51 

Uranus  —  Oberon   {Continued) 


16  4  55 

15  7  30 

17  10  58 

16  14  0 
15  10  48 
15  59  29 
15  10  27 

14  22  41 

15  54  54 
14  39  26 


22.54 

4,4 

S 

41.39 

4  ,  4 

P 

39.58 

2,4 

f 

42.67 

4  ,  4 

S 

38.32 

4  ,  4 

f 

40.76 

4  ,4 

P 

41.53 

4,4 

f 

12.72 

4,4 

g 

39.18 

4,4 

f 

38.84 

4,4 

f 

Faint.  Haze. 

Stopped  liy  (.•1(111(18. 

Moonlislit. 

\'crv  faint.      Haze. 


Moonlight. 


Faint.     Haze. 

Veryfaint.     Alittlefog.     Measures  prob.  rough, 

Apparently  a  little  fog. 
Power  388.     Eyepiece  fogged. 


Seeing:     g  =  good,  f  =  fair,  p  =  i)oor.     Power  49.5  used  except  a.-:  noted. 


JJ.  S.  Naval  Obsenalonj,   WaMnglon,  D.  C, 
1921,  Auffusl  13. 


OBSERVATIONS  OF   COMETS, 

made  with  the  121.^-inch  refractor  of  the  detroit  observatory, 
By  R.  a.  ROSSITER  and  D.  B.  McLAUGHLIN. 


1921 

G.  M.  T. 

• 

No.  C 

omp. 

Comet 
Aa 

-• 

A5 

Comet's 
a 

Apparent                             Log  pA 

6                     for  a          for  5 

Obsr. 

Comet  a  1921 

(Reid) 

Apr.     2 

tarns 

21  57  00.8 

1 

10 

10 

-o"2074 

+   8  39.1 

li       m       s 

20  25  31.91 

-   4  33  15.5 

9.8835W 

0.7928 

R 

6 

22  10  20.0 

3 

9 

7 

+  0  19.41 

-    5  59.8 

20  27  54.14 

+  0  24  28.2 

9.4719?) 

0.7676 

R 

10 

21  51  54.0 

4 

10 

10 

-0  32.88 

-    1  34.6 

20  30  34.27 

+  6  14  16.1. 

9.485  In 

0.7281 

R 

17 

21  47  50.0 

5 

8 

12 

-0  30.09 

+ 10  20.3 

20  36  19.31 

+20  45  44.4 

9.4744n 

0.6429 

R 

18 

20  52  48.7 

6 

10 

10 

+0     1.60 

-   9  36.3 

20  37  20.25 

+23  15    7.7 

9.5770n 

0.5866 

R 

25 

19  12  49.3 

7 

10 

10 

-0  29.57 

+  7  18.3 

20  48    6.82 

+44  52    8.9 

9.7702n 

0.4610 

R 

30 

18  16  25.0 

8 

11 

11 

-0  21.03 

-   0  44.4 

21    5  32.79 

+  62  44  13.7 

9.9563n 

9.9726 

R 

May    3 

19  49  44.8 

9 

<18 

14 

+  0  28.76 

-   2  12.9 

21  30  11.02 

+  72  57  54.9 

0.1360n 

9.8404n 

R 

13 

15  41  14.4 

11 

tu 

11 

-0  16.68 

+   1  32.2 

6  50  54.66 

+  79  18  20.0 

0.3628 

0.3477 

R 

18 

18  11  16.1 

12 

«14 

12 

+  1  20.47 

-   0  26.1 

7  37  10.14 

+  70  55  31.7 

0.0006 

0.9091 

R 

June    4 

15  55  37.5 

14 

11 

12 

+  0  31.68 

-   3  32.7 

8    5  26.22 

+  54  24  34.8 

9.8542 

0.6959 

R 

11 

15    0  43.1 

15 

12 

10 

+  0  22.38 

+  4  58.9 

8    9  37.08 

+  50  24  42.4 

9.8286 

0.6565 

R 

Apr.     2 

21  29  22.7 

1 

10 

10 

-0  22.35 

+  7  36.7 

20  25  30.30 

-   4  34  17.9 

9.9230n 

0.7894 

M 

4 

21  20  30.4 

2 

10 

10 

+0  56.51 

+   1  37.9 

20  26  40.94 

-   2  18  48.1 

9.5629k 

0.7801 

M 

10 

21  31  59.8 

4 

11 

10 

-0  35.53 

-   2  56.0 

20  30  31.62 

+  6  12  54.7 

9.5206/i 

0.7319 

M 

IS 

20  31  33.3 

6 

10 

10 

+  0    0.88 

-11  53.9 

20  37  18.53 

+  23  12  50.1 

9.6049n 

0.6075 

M 
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1921 

G.  M.  T. 

* 

No.  Comp. 

Comet  —  -^ 
Aa                     A8 

Comet's  Apparent 
a                               8 

Log  pA 
for  a           for  5 

Obsr. 

Comet  a  1921    (Reid)    (Continued) 

Apr.    25 

18  48  29.4 

7 

12,  10 

-0  33.67 

+   3  41.2 

20  48    2.71 

+44  48  31.8  1  9.7804«, 

0.5289 

M 

30 

19  33  37.3 

8 

10,  10 

-0  17.10 

+   1  30.6 

21     5  34.14 

+  62  46  50.1 

9.945  In 

9.7247 

M 

Mav     3 

20  22-59.3 

9 

tlG  ,  10 

+  1  16.55 

+   1  51.0 

21  30  28.05 

+  73    2  27.5 

0.1055W 

0.1770n 

M 

13 

16  28  53.5 

11 

tlQ  ,  10 

+  0  19.13 

-   2    8.9 

6  51  30.47 

+  79  14  38.9 

0.3351 

0.5441 

M 

June     3 

16  23  23.6 

13 

10  ,  10 

+  0  25.45 

+  2    7.7 

8    4  43.50 

+55    3  43.1 

9.8431 

0.7395 

M 

R  =  R.  A.  RossiTER     M  =  D.  B.  McLaughlin 


Mean  Places  for  1921  of  Comparison  Stars 


* 

« 

Red.  to 
App.  PI. 

d 

Red.  to 
App.  PI. 

Authority 

1 

20  25^5  L  86 

+  o'.79 

-   4  41  58.2 

+  3.6 

A.  G.  Strasshurg  7099 

2 

20  25  43.59 

+0.84 

-   2  20  28.9 

+  2.9 

.4.  G.  Strasshurg  7097 

3 

20  27  33.86 

+  0.87 

+   0  30  24.8 

+  3.2 

.4.  G.  Nicolajew  5198 

4 

20  31    6.19 

+  0.96 

+   6  15  48.9 

+  1.8 

.4.  G.  Leipzig  II  10189 

5 

20  36  48.32 

+  1.08 

+  20  35  25.9 

-1.8 

.4 .  G.  Berlin  B  7855 

6 

20  37  17.56 

+  1.09 

+  23  24  46.4 

-2.4 

A .  G.  Berlin  B  7860 

7 

20  48  35.21 

+  1.18 

+  44  44  56.8 

-6.2 

.4.  B.  Bonn  14751 

8 

21    5  52.64 

+  1.18 

+  62  45    5.9 

-7.8 

.4.  G.  Helsingfors-Gotha  11934 

9 

21  29  10.40 

+  1.10 

+  73    0  44.4 

-7.9 

.4 .  G.  Berlin  C  3036 

10 

21  29  41.16 

+  1.10 

+  73    0  15.7 

-7.9 

^  9.4  mag.     Connected  with  * 
(Aa  =  +30\76     AS  =   -28" 

9 

7 

11 

6  51  11.84 

-0.50 

+  79  16  44.8 

+  3.0 

.4.  G'.  A'().s«/(  1217 

12 

7  35  49.38 

+  0.29 

+70  55  55.9 

+  1.9 

.4.  G.  Berlin  C  1099 

13 

8    4  17.49 

+0.56 

+  55    1  37.9 

-2.5 

.4.  G.  Helsingfors-Gotha  5406 

14 

8    4  53.98 

+  0.56 

+  54  28  10.3 

-2.8 

.4.  G.  Harvard  3055 

15 

8    9  14.14 

+  0.58 

+  50  19  48.1 

-4.6 

.4.  G.  Harvard  3071 

1921 

G.  M.  T.       -^ 

No.  Comp. 

Comet  —  ■^ 
Aa                   A5 

Comet's  Apparent 
a                              5 

Log  pA 
for  a             for  5 

Obsr. 

Comet  b  1921   (Pons-Winnecke) 

Mav     5 

15  51  16.9 

1 

11  ,  10 

+  0     6.84 

-   8  48.3 

17     7  56.16 

+44  58  32.2 

9.7235» 

0.2605 

R 

6 

16  26  23.6 

2 

11  ,  10 

+0  10.85 

-   3  34.5 

17  12  24.43 

+45  12  55.9 

9.6794?? 

0.0867 

R 

7 

16    5  10.1 

3 

10  ,    9 

-0  48.62 

+   2  52.7 

17  16  47.36 

+45  25  52.0 

9.7116?? 

0.1898 

R 

29 

18  17  15.1 

5 

12  ,  12 

-0  10.49 

-   6  58.1 

19  58  30.15 

+41  18  34.2 

9.5865?? 

0.0849 

R 

THE     ASTRONOMICAL     JOURNAL 


N"-  793 


1921 

G.  M.  T. 

* 

No.  Coinp. 

Comet  —  ^ 

Comet's  Apparent 
a                            8 

logpA 
for  a            for  6 

Obsr. 

Comet  b  1921   (Pons-Winneckk)   {Conti7iued) 

h       111       s 

Mav     5  1  l(i  21  44.8 

1 

10  .  10 

+  0  12.22 

-   8  25.8 

17     8     6.22 

+44  58  54.7 

9.6854/1 

0.1115 

M 

6     16    5  21.3 

2 

10,  10 

+  0    6.97 

-    3  44.0 

17  12  20.55 

+45  12'46.4 

9.7092/1 

0.1924 

M 

7     15  45  51.2 

3 

10  ,  10 

-0  52.07 

+   2  44.4 

17  16  43.91 

+45  25  43.7 

9.7342/1 

0.2770 

M 

9    17    0  15.1 

4 

10,  10 

+  1  16.92 

-    1  10.8 

17  26  24.99 

+45  49  46.8 

9.6235/1 

9.8094 

M 

June     9    16  52  39.9 

7 

10  ,  10 

-0  28.55 

-   0  55.5 

21  55  44.72 

+  23  32  55.5 

9.6386/i 

0.6397 

M 

R  =  H.  .\.  Ro-ssiTEU     M  =  D.  B.  McL.^ughlin 


Mean  Places  for  1921  of  Comparison  Stars 

* 

« 

Red.  to 
App.  PI. 

8 

Red.  to 
App.  PI. 

Authority 

1 

h     m       s 

17    7  51.66 

+  2.34 

+45  14  26.9 

-5.0 

.4.  a.  Bonn  10995 

2 

17  12  11.23 

+  2.35 

+45  16  35.1 

-4.7 

.4.  G.  Bonn  11046 

3 

17  17  33.62 

+  2.36 

+45  23    3.7 

-4.4 

A.  G.  Bonn  11105 

4 

17  25    5.68 

+  2.39 

+45  51     1.5 

-3.9  . 

.4.  G.  Bonn  11199 

5 

19  59    2.75 

+  2.53 

+  41  35  47.7 

+  0.5 

A.  G.  Bonn  13674 

6. 

19  58  38.13 

+  2.53 

+41  25  31.8 

+  0.5 

\  10  mag.     Connected  witli  *  5 
}Aa  =  -24^62     Ao  =   -10'  1.5' 

.9 

' 

21  56  10.48 

+  2.79 

+  23  33  45.5 

+  5.5 

A.  G.  Berlin  B  8478 

ON   THE   PARALLAX   OF  BARNARD'S 

By  D.  T.  WILSON, 
In  A.  J.,  734,  Miss  S.a.yek  published  a  note  giving 
the  parallax  and  proper-motion  in  righf,  ascension  of 
Barnard's  h  Star  from  ten  plates  taken  at  the  Dear- 
born Observatory.  Using  Miss  Sayer's  results  to- 
gether with  five  additional  plates  taken  at  the  s^me 
observatory  extending  the  time  up  to  Sept.  7,  1921, 
the    writer    found    the    following    values: 


0".569  ±0".014,  M  =  0".697   ±0".006. 


The  parallaxes  and  proper-motions  in  right  ascension 
of  this  star  determined  up  to  date  are: 


PROPER-MOTION    STAR, 


A.J. 


Russell 

705 

0.70 

±0.06 

-0.765 

±0.06 

Schlesinger 

705 

0.50 

±0.02 

-0.85 

±0.04 

Mitchell 

710 

0.47 

±0.01 

-0.74 

Lee 

711 

0.52 

±0.02 

Van  Maanen 

755 

0.519 

±0.006 

-0.728 

KOSTINSKY 

* 

0.622 

±0.022 

-0.657 

±0.028 

Miss  Sayek 

734 

0.557 

±0.010 

-0.021 

±0.038 

Mitchell 

778 

0.539 

±0.008 

-0.715 

Wilson 

0.569 

±0.014 

-0.697 

±0.006 

Unweighted  mean 

0..555 

-0.722 

*.4.  A^  4971. 
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THE   VARIABLE   STAR  K  SCUTI, 

15v    ELIAS    BKESON. 


I  have  continued  my  observations  of  R  Scuti 
(18'' 39"  45%  -o°51'.4,  1855.0)  published  in  the 
Astronomical  Journal.  No.  777.  The  instrument  em- 
ployed was  a  Busch  binocular  a  prism,  "Terlux," 
45mm.  lOx.  The  eomjiarison  stars  wore  the  same  as 
formerly,  namely: 


Desi^. 

Name 

li 

/5  Scuti 

V 

7]  Scuti 

a 

7083  R.  H 

b 

-()°4913 

h 

h  Aquilae 

0 

g  Aquilae 

Mag. 

4"'.47 

5  .04 

6  .22 
6  .53 
5  .70 
5  .80 


Auth. 

K.  H.  P. 
H.  H.  P. 
R.  H.  P. 

H.  A.  45 


Each  step  e(|ualc(l  0"'.l.  No  correeiion  has  been 
applied  for  extinction  (  =  —  0"\27).  All  estimates  are 
given  the  same  weight.  The  following  (dlor-scale  has 
been  employed : 


0''.0  =  pure  white;  0.5  =  bluish. 
P.O  =  bluish  white  (yellow  tint);    \' .5  =  greenish 
2''.0  =  yellowish-white;    2''. 5  —  ^'aint  yellowish. 
3''.0  =  yellowish. 
4°.0  =  yellow. 

S'^.O  =  straw-yellow;   5". 5  =  faint  orange. 
6'=.0  =  orange;   6''.5  =  faint  golden-yellow. 
7'=.0  =  golden-yellow;    7''. 5  =  faint  reddish. 
8^0  =  reddish. 

Q'^.O  =  copper-red;  9''. 5  =  km!  (pure)- 
10^0  =  deep  (blood-)  red. 


1919         C.  M.  T.     Est. 

h       m 

Nov.    17       4  55     i;  1  R 

1920 

May   24      1  1    30     R  1  tj 


Weather         polor 
5.14     clear  ,8.0 

4.94     clear  8.0 


1920 


Jun( 


,Julv 


Aug. 


O.M.  T.     Est. 


6 

8 

10 

13 

15 

16 

17 

26 

27 

1 

3 


12 
12 
14 
16 
19 
21 

25 
27 
28 
31 


9  55 

11  5 

11  20 

10  40 

1(1  45 

10  18 

10  5 

11  50 
9  55 

10  10 

10  45 

9  40 

9  40 

9  50 

10  10 

9  .'?S- 

9  35 

10  52 

9  18 

9  52 

9  33 

9  10 

9  5 

9  25 

9  0 

9  8 


2  9     0 

3  9  30 

4  8  35 

8  9     4 


R  1  y 

7J   1   R 

r,  2  H 
7,  1.5  R 
77  1.5  R 

7,    1    R 

rj  1.5  R 
g2R- 
g  1  R 

R  1  a 
a  1  H 
a  \  U( 
R  2  1)i 
a  2  K  I 
K  Ihi 
a   2.5  R 
R   0.5  b 
R  0.8  h 
R  0.5  b 
h  0.5  R 
b  2  R 
1)  2  R 
b  3  R 
R  0.5  b 
R  1.5  b 
a  1.5  R 
a  1.2  R 
a  0.5  R 
a  0.2  R 
R  2a  ^ 

KlR  i 
R  1.5  a 
R  2  a 
R  1  a 
R  3  a, 
g  1  R 


(i.l.) 
ti.4S 
(i.5S 
6.73 
6.73 
6.83 
6.48 

6.37 


Weathe: 


6.32     hazy 


6.42     ha 


6.47      haz\ 


hazy 

hazy 

hazy 

clearer 

hazy 

hazy 

'  lear 

liazv 


5.91     clear 


( 'olor 

S.O 
8.0 
9.5 

8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 

8.0 
8.0 


2.5 
3.0 


1.5 


6.0 


6.34 

clear 

8.0^ 

6.27 

hazv 

6.0 

6.24 

(moon) 

8.0 

5.96 

moon  clear 

8.0 

6.07 

hazv 

8.0 

6.02 

clear 

8.0 

6.12 

hazv 

8.0 

8.0 


*Glimpses 
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1920 

( 

J.  M.  T 

Est. 

VVoatluT 

Coin,- 

1921          ( 

I.T. 

Kst . 

Weather 

(  \)I(H' 

Auic 

11 

h       m 

9  54 

fiO  H 

5.80 

dear 

s.o 

Sept.      .'i 

i 
i 

:i^ 

•■1  0.2  R  1 

i\  O'i 

..i,,..i- 

12 

S  28 

li  0.5  R 

5.75 

hazy 

s.o 

H  2  1.      S 

().-•> 

I  leal 

1.") 

S  20 

i:  1  h 

5.60 

clear 

s.o* 

7 

<t 

5 

a  ()..-.  1!  1 

(i.Hl 

1  ,  . .  •/  ^  • 

It    ~\ 

l(i 

10   20 

h  (t  H 

5.70 

hazy 

s.o 

U   l.S  l,\ 

1 !  a  /.  \ 

T)..> 

IS 

S  44 

h  0  R 

5.70 

h:izy 

s.o 

s 

7 

45 

:i  0.2  1! 

().2I 

clear 

0.5 

20 

8  4-> 

r,  2  H 

5.24 

clear 

7..") 

i) 

7 

40 

a  0.5   1: 

(i.27 

ch'ar 

S.O 

21 

9  30 

1,  0  H 

5.04 

liazy 

S.O 

i;] 

7 

1:5 

.■I  (1.5  ]{  / 

().:^(i 

,.l,....- 

2() 

7  45 

y}  2  H 

5.24 

haze 

8.0 

n  2  ii   s 

(    M'MI 

Oct. 


Nov, 


29 


12 
1:5 
17 
19 

20 

21 

27 

2S 

1 

3 

4 

5 

8 

10 

17 

18 

24 

30 

1 


33 

8 
22 

0 
.')() 
20 
55 
48 

48 
.■)4 
40 


0  17 
6  34 
0  25 
0 

0  20 
6  45 

5  19 

6  0 
5  38 

4  45 

5  10 
5  13 
4   22 


h    \ 


n  0 ,, 

71  1  R 

R  1  ' 

n  1   1: 

7,  1  H 

7;  1   K 

„  1.5  K 

V  3  U 

r,  3   H 

H  3 

a  3  h 
H  2  h 

H  2  li 
K  2  h 
li  2  h 
R  0.5  ii 
h  0.0  R 
h  0.5  R 
h  0.5  H 
li  0.5  R 
772  R 

V  3  R 

V  3  R 
7,2  R 

ij  1.5  R 

;;  0.5  R 
li  2  h^ 

.,  ■;  !;  V 


5.04 

.<14 


5.40 
5.50 
.J.50 
5.50 
5.50 
5.75 
5.75 
5.75 
5.75 
.5.75 
5.24 
5.34 
5.34 
5.24 
5.19 
5.09 


h.i7> 


5.14  liazy 

5.14  hazy 

5.19  ha/y 

5.34  clear 


5.37      h 


izv 


hazy 

lUODIl 

moon 

moon 

wind 

cloud 

wind 

wind 

hazy 

hazy 

clear 

clear 

hazy 

hazy 

cl(!ar 

clear 


3.0 
0.0 
S.O 
8.0 

8.0 

S.O 
(i.O 
8.0 
8.0 
8.0 
8.0 
S.O 
C.O 
8.0 
7.0 
7.5 
7.5 
6.5 
7.5 
7.5 
7.5 


a  I). ft  u  . 

R  lb    , 

19 

7 

1.^ 

a  0.4  K 

ti.2(i 

clrar 

20 

" 

12 

a  0.5  H  / 
R  2  1,     \ 

(i.30 

liazy 

27 

(i 

50 

R  0.5  a 

0.17 

clear 

30 

s 

0 

K  1.5 

0.07 

clear 

2 

7 

54 

R  1.2  a 

(i.lO 

clear 

4 

7 

20 

R   1.5  a 

(i.07 

clear 

5 

0 

0 

R  2  a 

0.02 

.■l(<ar 

7 

0 

2( 

]{  3  a 

5.92 

hazy 

8 

(j 

2( 

R  3.5  a 

5.87 

clone 

10 

7 

n 

h  2  H 

5.90 

clear 

2() 

•"' 

40 

R  2  h 

5.50 

clear 

Scul 

1 : 

/ 

I ..) 

8.0 

7.0 
S.O 
S.O 
S.O 
7.0 
8.0 
7.5 
S.O 
9.5 


from  14/  5  19|(Min.)   to    4/  7  19  (.Max.)  =  51  da\ 

24/  5  20l(Ma.\.)  to  16/  7  20  (Alin.)  =  53 

16/  7  2(7  (Min.)   to    8/  9  20  (.Max.)  =  54 

8/  9  2(j  (Max.)  to  10/10  20  (Min.)  =--  32 

17/  7  21  (Max.)  to  15/  9  21  (Min.)  =  60 

1.5/  9  21  (Min.)   to  26/10  21  (Max.)  =  41 


Max. 


Mi 


5.42     hazv 


''' 

' ' 

)  ■_'  - 1  ! ; 

.  '    :'•  ' 

liiL/y 

7.0 

20 

9 

45 

R  2.5  a 

5.97 

cloud.s 

8.0 

ViiK.      4 

10 

35 

R  2.8  a 

5.94 

clear 

9.5 

7 

8 

55 

R  2  a 

6.02 

clouds 

7.0 

S 

8 

30 

R  2a 

6.02 

clear 

7.0 

10 

9 

10 

R  1.8  a 

6.0-f 

clear 

7.0 

21 

S 

30 

a  0.2  R 

6.24 

wind 

3.0 

22 

8 

8 

a  0.2  R 

6.24 

clear 

7.0 

23 

8 

55 

R  0.2  a 

6.20 

clear 

7.5 

24 

8 

5 

a  0.2  R  ( 

6.23 

R  3  h     \ 

clear 

20 

8 

10 

a  0.2  R 

().24 

clear 

7.0 

28 

7 

50 

a  0.5  R 

6.27 

clear 

7.0 

30 

S 

15 

a  0.2  R 

6.24 

clear 

8.0 

Glinijjses 

26/10  21    :  5    .50 

I'eriod  irrejiular 

Air'plitude  1919:       •_"".36 

.Amplitude  1920;       11   .81/      =   1"'.27  in  the  mean. 
'1    .12) 

It    s  seen  that   thi'  color  varies   with  re(l    in  Max. 
and  clearer  tints  in   .Mm. 


Hcl-siiajor,  Denmark, 
IS,   Xm.,    l!)2l. 
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A   STAR  AVTH  A   LARGE  PROPERMOTION, 
B.  1).   21°  3781, 


T.    P     HHASKARAN,    M.  A. 


The  star  B.  D.  —21°  3781,  mag.  7.8.  occurs  on  throe 
plates  taken  at  the  Nizamiah  Observatory  for  the 
Astrograpkic  Catalogue;  one  of  these  was  centred  in 
Decl.    -22°  and  the  other  two  in  Decl.    -21°.     Aftor 


,^i,,  u,K^-io.  ....^.x  Jillci'cnces  iii  a  preluiUiiarj'  compaiiDon, 
it  was  omitted  from  the  equations  for  computing  the 
plate  constants.  Applying  the  constants  derived  from 
the  other  reference  stars,  the  final  rssiduals  of  B.  D. 
—  21°  3781  are  (in  the  sense  Hyd-Algiers)  in  units  of 
0".3 


Ax 
-171 
-172 
-170 


Ay 

Plate  No 

+  50 

162C 

+  50 

168C 

+  52 

1638 

Epoch 
1920.20 
1920.38 
1920.29 


Mean  -171 


+  51 


1920.29 


[The  positive  sign  in   the  column  Ay  sliows  that  the       Nizamiah  Obsenatori/,   llydnabad  {Deiran),  Indii 
star  is  moving  south.]  1921,  Sept. 


The  epoch  of  the  Algiers  position  —  mean  of  three 
observations  —  is  1890.0,  so  that  the  annual  P.  M. 
derived  from  these  residuals  is 


E.  A.  13''  44-"  27M7,     Decl.  -21°  35'  55".9. 

The  places  of  the  star,  given  in  the  B.  D.  and  the 
Cape  Photographic  Durchmusterung,  though  not 
sufficiently  accurate  to  obtain  an  independent  deter- 
mination, yet  distinctly  confirm  the  existence  of  a 
large  P.  M.  of  the  order  derived  above. 

The  star  is  not  to  be  found  in  any  of  the  catalogues 
of  Proper  Motion  stars  available  here,  nor  in  the  list 
given  by  van  Maanen  {Aslroph ysical  Journal,  Vol. 
XLI,  page  187). 

A  determination  of  parallax  may  perhaps  be  inter- 
esting. 


OBSERVATIONS  OF   1921    JB   BARCELONA, 

WITH  THE  10-INCH  PHOTOGRAPHIC  REFRACTOK  OP  THE  TJ.  S.  NAVAL  OBSEBVATORY, 


Feb 


1921 

.    12.66250 

14.64583 

Mar.     1.61042 

11.58740 


9  1  12.93  +17  24  16.6 
8  58  4.32  +16  59  7.7 
8  38  12.55  +13  50  39.3 
8  29  41.60  +11  52  20.5 


8.968n  0.510 
9.078n  0..521 
8.787m  0.570 
8A9Qn  0.599 


2.0 
0.9 
1.7 
1.7 


Asir.  Bor.  +17.0900,  55,    61,    68,    69,    70,    74 
Aslr.  Bor.  +17.0900,  11,     12,    18,     19,  141,  153 
Astr.  Bor.  +14.0840,  21,  118,  119,  124,  132 
A.G.  Leipzig  L  3432-33-40-56-71-73 


Observations  by  George  H.  Peters.     Measurements  and  retluctions  by  Ernest  Clare  Bower;   usinj 
Wilson's  method,  Goodsell  Obs.  Pub.  5. 


U.  S.  Naval  Observatory,   Wanhimjlon,   D.  C. 
1921,  Nov.  14. 


12 


THK    ASTRONOMICAL     JOIRNAL 


N°-  794 


NOTE   OX   THE  RETURN   OF  TAYLORJ 

Bv   II.   .M.  JEFFERS. 


CO:\IET,   1910  I, 


T.wi.or's  Coiaot  is  due  at  poiiliclion,  neglecting 
perturhations,  on  June  13,  1922.  This  comet  is 
espeeially  interestinj;;  in  that,  in  191G,  it  developed  two 
nuclei.  The  conditions  of  the  present  return  are  not 
favorable  for  a  rediscovery:  at  jierihelion  it  will  be 
near  conjunction  with  the  Sun.  Dnring  the  next  few 
months,  and  again  near  the  beginning  of  1923,  the 
position  with  respect  to  the  Sun  will  be  favorable, 
though  because  of  the  great  distance  the  comet  will  be 
faint.  An  ephemeris,  based  on  definitive  elements 
for  1916  (not  yet  published),  is  apjiended  for  tli(>  use 
of  those  who  might  desire  to  search  for  it.  The  per- 
turbations during  the  present  revolution  are  small,  and 
they  have  not  been  considered  in  the  ephemeris. 

On  the  assumption  that  the  perihelion  passage  takes 
place  8  days  later  than  predicted,  the  corrections  to  the 
e|)hemeris  on  December  11  are:  Aa  =  —7™. 4,  A5  = 
—  22'.  For  a  perihelion  time  8  days  earlier,  tlie  cor- 
responding corrections  arc:    Aa  =  +7"'.9,  A8  =  +24'. 


For  GREENWicri  Mean  Midnight 
1921-22        '  o(I920.())  S  (1920.0) 


log  A 


Dec- 

19.5 

00     22.5 

-16     42 

0.306 

27.5 

28.2 

15     10 

0.316 

Jan. 

4.5 

35.5 

13     30 

0.326 

These  figures  will  not  vary  much  over  the  range  of  the 
ephemeris. 

The   brightness   is    of   couise    uncertain,    especially 


was  subject  to  irregular  fluctuations. 

the  ephemeris  the  calculations  indi- 

net  is  not  likely  to  be  brighter  than 


since  in  19 IG  it 
For  the  range  o: 
cate  that  the  co 
the  14th,  nor  fainter  than  the  17th  magnitudes. 


Iowa  Stale  Universii  /, 
Octohi-r  SI,  1921. 


OBSERVATIONS  OF  COME'TS, 

M.^DE   WTTH   THE    lOJ/^   IN.    EQUATORIAL   OF   THE    UNIVERSITB  OF   MINNESOTA, 

[Communicated  by  F.  P.  Leavenworth.] 


Dato  1921 


G.  M.  T. 


No.  of 
C'omp. 


# 


App.  a 


JApp.  5 


log  pi 


Obsr. 


Apr. 
Ma\ 


June 


17  57  55 

18  1  32 
17  7  54 
16  32  13 

16  43  54 

17  28  30 

18  3  14 
15  47  16 

15  35  51 

16  10  32 

15  30  53 

16  19  29 


Comet  1921  a  (Reid) 


+0 
+0 
+  1 
-0 
-0 
-0 
-0 
+  0 
+  0 
+0 
-0 
+0 


13.41 
1.31 
46.57 
39.33 
18.26 
41.60 
15.50 
12.82 
43.06 
56.73 
13.48 
25.60 


-f-  3    5.8 

6 

,6 

-■  2    8.3 

5 

6 

+  5    4.4 

4 

4 

+  0  26.4 

4 

4 

+   5    5.6 

4 

4 

+   1    4.4 

4 

4 

+  5    9.9 

5 

5 

+  0  30.3 

6 

6 

+   1  48.6 

4 

4 

-   0  34.2 

4 

4 

-1-   1  43.8 

5 

6 

+  2    3.7 

6 

6 

20  56 

21  0 
21  II 
21  18 
21  18 
21  44 
21  44 
23  26 

7  17 
7  17 

7  31 

8  4 


28.80 
26.21 

2.02 
27.36 
32.07 

6.49 
32.5T) 
36.71 

9.16 
22.83 
37.70 
43.63 


+55  23 
58  58 
65  54 
69  14 
69  15 
75  46 
75  50 
83  29 
75  47 
75  45 
72  34 
55    3 


31.7 

9.856n 

0.654 

1 

58.3 

9.900n 

0.617 

2 

58.4 

9.948« 

0.726 

3 

13.3 

9.987n 

0.739 

4 

55.9 

0.004n 

0.714 

5 

47.1 

0.187n 

0.606 

6 

52.6 

0.213« 

0.502 

6 

57.7 

0.040« 

0.820 

7 

50.4 

0.227 

9.985 

8 

27.6 

0.227 

0.274 

8 

58.4 

0.138 

0.004 

9 

39.1 

9.850 

0.668 

10 

Lv 
Lv 
Lv 
Lv 
Lv 
Bu 
Sw 
Lv 
Lv 
Bu 
Lv 
Lv 


May     9  '  18  34  25 

9  I   18  24  24 

June  12      18  41    9 


+0  30.63 


■0  12.12 


Comet  1921  h  (Pons-Winnecke) 
17  26  48.62 


4 
0 
4 

0 
3 
5 

10  41.9 
9  15.5 

22  25  42.27 


9.460H 



9.691 

11 
11 

Lv 

45  50 

13.5 

Lv 

+  16  18 

^.9.2 

9.605W 

0.724 

12 

Lv 
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Comparison  Stars 
Mean  Places  for  1921.0  and  Reduction  to  Apparent  Place 


* 

a  1921.0 

8  1921^ 

Reduction  to  .\pp. 
a                             S 

Authority 

1 

h       m       s 

20  56  14.19 

+  55°  20  33.2 

+  L20 

-7.3 

.4.  <;.  Hels-Gotho 

11796 

2 

21     0  23.71 

59     1   14.2 

+  1.19 

-7.6 

A.  G.  Hds-Gotha 

11857 

3 

21     9   14. 2B 

65  50      1.9 

4-1.19 

-7.9 

A.  G.  Christiania 

3293 

-6.6 

Car.iiiyiuh 

361U 

8 

7    16  26.10 

75  45  59.0 

0.00 

+  2.8 

A.  G.  Kasan 

1329 

9 

7  81   50.91 

72  33   15.2 

+  0.27 

-0.6 

A.  G.  Berlin  C 

1089 

10 

8     4    17.49 

.^.5     1   37.9 

+  0.54 

-2.5 

A.G.Hels-Golha 

5406 

11 

17  26   15.61 

46     0  59.3 

+  2.38 

-3.9 

A.  G.  Bonn 

11210           ■ 

12 

22  25  52.13 

+  16  27  47.1 

+  2.26 

+  7.6 

A.  G.  Berlin  A 

9192 

The   observation.';   were   made  with   the    filar  micrnmctor   and  arc   direct  mt^asures  of  right   ascension   and 
•Jiaation. 
The  observers  are  F.  P.  Le.wenworth  =  Lv,  ('.  M.  BtKiuLL  =  Br.  and  P.  H.  Swaxsox  =  Sw. 


Mill  Ilea ijol is.   Minn., 
Oct.   U,    l.');.'l. 


OBSERVATIONS   OF   ASTEROIDS   AND   COMETS. 

M.\DE     WITH    THE    2(i-IXrH    EQI:AT0RI.\L    OF    THE    U.    S.     NAV.\1,    ( )HSERV.\TORY. 

By   ERNEST  CLARE   BOWER 
[Communicated  by  Captain  W.  D.  MacDoug.\ll,  U.  S.  Navy,  .Superintendent. 


G.  M.  T. 


App.  a 


App.  S 


Obj. 


Comp. 


Log  pp 


Ap.  pi.  red. 
of  * 


See- 
'  ing 


1921 


Asteroid  iHeinmith.  1921  Ai)r.  1" 


May  !).6yoi.j 
16.74917 
31.76962 

June   14.84638 


1  (  zo  Zyj.  1  .- 

18    6  33.25 

20  18  58.32 

22  44  34.63 

-!-•*.>•+;)  o.^.l  I  -r  1   JZ.ii,  —1    lil.li  I    V.i,t  .  i 

+  46  29    9.0    +124.71  +231.6     <40,  8 

+39  23  20.1     +0  31.47  +1  49.2    rflO  ,  8 

+  1114    9.3     +2    2.11  -5  16.2|f30.  6 


'.).t)34/(  y.UD-i 

i-2.o.>  —    o.y 

1' 

- 

9.441/1  9.863« 

+2.47  -    2.4 

f 

3 

9.536n  9.851 

+  2.51  +    1.0 

f 

4 

9.373«  0.627 

+  2.20  +   9.3 

f 

5 

1921  Comet  1921  c  (Dubi.\Cxo) 

Mav  25.63047  I    9  22  42.47  I  +37  34  33.9  I  +0  22.70   -1  34.8    rflO  ,  12  I  9.740    0.490  \  +1.18  -   4.7  i  f    1    6 
."     31.62609  1    9  55    9.20^+33  58  19.2  1+3  57.54    -2  44.5/30.    6  |  9.710    0.500   |  +1.22-    5.2  |  f    |    8 

Aitr.    11.      12'".     May  25.     Poor  observation.     Clonds.      May  31.6.     Poor  observation,     .hnie  14.     Bad 
observation. 
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Mcrvi  Places  of  Comparison  Stars  for  Hciinnimj  <>f  Year 


^ 

a. 

8 

/                      Authority 

h      m      s 

/ 

1 

12  53  33.93 

+  6  54  48.7 

AstrJTul.  +7.1252,31 

.    2 

17  25     5.()7 

+45  51      1.6 

.1.  (L  Bonn  11199 

3 

18     5     G.07 

+46  26  39.8 

.4.  r;<  Bonn  11722 

4 

20  18  24.34 

+  39  21   29.9 

.4.  a.  Lund  9293 

Ti 

22  42  30.32 

+  11    19   16.2 

.1.  (1.  Leipzig  I  9()S9 

ti 

9  22  )8.59 

-1-37  36   13.4 

\  B.  D.  +37.1986  coiui).  with 
1  Aa  =  +1'"  52\42,  Ad  =  +0' 

7,  1921  May  25 
22".  1,  1921.0. 

/ 

9  20  26.17 

+  37  35  51.3 

.1.  a.  Lund  4608 

8 

9  51  10.44 

\     i        1 

+  34     1     8.9 

A.  a.  Leiden  Wn 

1. 

['.  S.  Naval  Observatory.  WaHhinglon.  D    C 
19SI,  Sept.  3.3. 


ELEMENTS  ET   EPHEMERIDE   DE    LA   PLANETE    1920  HZ, 

Par    M.    HENAUX.  i 

1921-22  AD  D 


Los  oleineiits  out  etc  calculfe  au  nioycii  tie  huit 
positions  obtenues  entie  1920  docembre  1  et  1921 
mars  2,  et  que  Ton  trouvcra  prochainement  au  Journal 
des  Observateur.^. 

Les  voiei: 


Epoque 
M  - 


TM  CiTcnwich. 


Si  = 

i  = 


Kciiptique  et  equiiioxc 
movens  de  1920.0. 


1920  deeembre  1.5 
352°  59'  2".8 
56  26  48  .3 
21  18  35  .0 
43  3  51  .9 
40  44  9  .8 
JK.  a  =  0.756006();  distance  aph^lie  9.436 

M  =  260".0739.   T  =  13''.65. 
(  onstante  dc  grandeur  g  =  10.8. 

On  a  tire  lie  (•('-.  ('■Icnicnts  rci)liumeride  suivante: 


(192U.0;  12''  TMG) 


1921-22 


De. 


20 


30 


AD 

h      III      8 

13  23  51 
26  34 

28  52 


+14  47.0 

'       28.8 

13.6 


Gr. 


16.0 


Jrtii 


I'Y-v. 


.Ma 


4 

f  3  30  44 

+  14 

1.4 

9 

1      32    S 

+  13 

.52.1 

14 

1      33    4 

45.6 

19 

33  29 

n.7 

24 

/       33  23 

10.2 

29 

/       32  45 

41.0 

3 

1        31  34 

43.8 

8 

29  50 

48.2 

13 

1         27  33 

+  13 

.-)3.8 

18 

24  45 

+  14 

0.2 

23 

21  2(i 

7.0 

28 
5 

17  40 
13  29 

1:^5 
19.  t 

10 

15 

8  57 
13    4    S 

24.1 
27.1 

20 

12  59    9 

2;.y 

25 

54    3 

+  14 

2().3 

Opposition 

:vj 

ars  28. 

aun 

lit  le  plus  iirand 

int 

('■ret 

d  obi 

16 


II 

jjositions  de  cet  astro 

A  Iger-jio  uzariah , 
W'21,  Nnnembre  4. 


.^      ,.  CONTENTS. 

IHE  X.utiAiii.E  Stab  li  ScuH,  by  Ki.ias  Bresox. 

A  iyrMi  with  a  Large  1  roper-Motion,  B.  D.  2r;j7Sl.  by  T    P.  Hhaskaha-n,  MA. 

UBSERVATioNs  OF  1921,  JB  Biirrelom.  BY  Georcik  H.  Peters  and  Kk.nest  Clare  Howkh. 

-NOTE  ON  the  Return  ok  Taylors  Comet,   1916  I,  by  H.  M.  .Jeffkrs 

UBSERVATIONS    OF   CoMETS,    CoMMlMCATED    BY    V      P.    I,EAVENWORTH. 
<>BSERV.\T10NS    OK    .'VSTEROIDS    AM)    CoMBTS,    BY    KrNKST   ClARE    BoWKR. 
l^LE.MEN-TS    KT    EpHEMERlDE    1>E    LA    PlaNETE    1  !)2()   ///,    PAR    M.    RenaCX. 


UtNJAMlN    Boss.     ALllA.W.     N.  Y..      AsS(x;iATE    EDITORS. 


WlKJDWAKti. 


Pimi  icuin "o^    "•"-'"""'■•    ""~-     "■■„A.-.<.     1>I.    I..      rtSStXJIATE    CDITORS.      C.    Ji.     UaH.MAKU,     _ 

PHEsio^,;-^.^    xP"^'-'^^."."'^''-'*'*^"'*^'    ALBA.NY.    N.  Y..    U.S.A..    TO    WHICH    Al.l.    COMMU.SICATIONS    SHOULD    BE    ADDRESSED.       I'RICE    $5.00    THE    VOI.HME. 

i-BEss  OF  Thos.  P,  Nichols  &  Son  Co..  Lyn.^j.  Mass.     Closed.  Dec.  19.  1921. 


THE 


ASTEONOMICAL   JOUENAL 


FOUNDED    BY     B.     A.    GOULD 


No.  795 


VOL.  xxxrv' 


ALBANY,  N.Y.,  1922,  JANUARY  31 


NO.  3 


ON   THE   DAILY  VARIATION   IN    CLOCK   CORRECTIONS, 

By   W.   S.   EICHELBERGER    and   H.    R.    MORGAX. 
ICominunicatod  by  Captain  W.  D.  Mac  Dougall,  Supcrintondent.] 


In  the  Astronomical  Journal,  No.  792,  Astronomer 
M.  L.  ZiMMER  of  the  National  Observatory  at  Cordoba, 
Argentina,  writes,  ''in  two  recent  numbers  of  the 
Astronomical  Journal,  it  was  shown  that  clock  correc- 
tions determined  at  or  near  sunset  were  uniformly 
larger  by  '^.04  or  ^05  than  the  corresponding  ones 
determined  at  or  near  sunrise.  This  was  fully  con- 
firmed by  TxTCKER  and  others In  order  to  deter- 
mine the  form  of  the  curve  described  during  the  year, 
the  6  and  18  hour  groups  were  observed  on  every 
favorable  occasion  during  1920 The  mean  re- 
sults are  represented  by  the  formula,  -|-'.02  sin  (a  —  ©) 
=  (correction  to  observed  transit),  practically  without 
residual  error." 

Early  in  the  year  1921  the  U.  S.  Naval  Observatory 
published  the  results  of  the  observations  made  with 
the  9-inch  Transit  Circle  during  the  years  1903  to 
1911;  Publications  of  the  U.S.  Naval  Observatory, 
Second  Series,  Volume  IX,  Part  I.  The  present  paper 
contains  the  results  of  an  investigation  to  find  out 
what  evidence  is  contained  in  those  observations 
bearing    upon    the    phenomenon    presented    by    Mr. 

ZiMMER. 

In  July  1909,  there  were  selected  for  observation  on 
the  9-inch  Transit  Circle,  two  groups  of  six  clock  stars 
each,  the  mean  right  ascension  of  the  two  groups 
being  approximately  G*"  and  18''  respectively.  Both 
these  groups  were  observed  whenever  possible  from 
that  date  to  April  1911,  during  a  period  of  21  months, 
about  2000  observations  having  been  secured.  This 
is  the  same  program,  we  believe,  that  was  carried  out  by 
ZiMMER  in  1920.  The  results  of  these  observations 
are  discussed  on  pages  LXXXIV  to  LXXXVII  of  the 
Observatory  volume  referred  to  above,  and  the  con- 
clusions drawn  from  that  discussion  are:  that  the 
same  clock  correction  results  from  all  night  observa- 


tions independently  of  the  time  of  transit;  that  a  slightly 
larger  correction,  larger  bj^  less  than  O'.Ol,  however, 
results  from  twilight  observations;  and  that  a  decidedly 
larger  value,  varying  somewhat  with  the  time  of 
transit,  results  from  daylight  observations,  the  after- 
noon values  being  larger  than  forenoon  ones.  This 
rapid  change  in  the  clock  correction,  amounting  to 
several  hundredths  of  a  second  as  the  time  of  transit 
of  the  star  changes  from  an  hour  before  sunset  to 
sunset,  has  no  counterpart  in  the  hour  following 
sunset  and  therefore  cannot  be  attributed  to  an  error 
in  the  observed  time  of  transit  of  the  form 

k  sin  (a  —  O) 

The  difficulty,  if  not  tlie  impossibility,  of  accurately 
determining  or  of  eliminating  this  daylight  effect  led 
to  the  rejection  of  all  star  observations  made  during 
daylight  in  forming  the  final  positions  in  the  above 
mentioned  volume,  and  such  observations  should  not 
be  used  in  discussions  of  tFie  dailj'  variations  of  clock 
corrections. 

Throughout  the  period  1903  to  1911,  it  was  the 
general  practice  to  obtain  a  clock  correction  in  the 
morning  before  sunrise  and  another  in  the  evening 
shortly  after  sunset.  The  interval  between  two  such 
clock  corrections  was  rarely  even  approximately 
twelve  hours,  but  since  in  Zimmer's  results  the  correc- 
tion to  the  observed  time  of  transit  takes  the  form  of 
sin  (a  —  O),  the  difference  between  two  clock 
corrections  at  4  a.  m.  and  8  p.  m.  respectively  would  be 
85%  of  the  difference  between  two  corrections  at 
6  A.  M.  and  6  p.  m.  In  reducing  these  clock  correc- 
tions to  a  common  epoch,  the  rate  used  was  obtained 
from  a  rate  formula,  page  LI  of  the  volume  just  men- 
tioned, which  was  found  to  hold  for  a  period  varying 
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from  a  few  days  to  a  few  months.     No  observation 

user!  in  this  discussion  was  made  by  day  so  that  the 

wr2*^plimination  of  the  effect  of  the  difference  between  day 

and  night  observations  does  not  enter  into  the  probhnn. 

The  instrumental  constants  were  always  determined 
by  observation  at  the  time  the  clock  correction  was 
determined,  the  azimuth  of  the  instrument  being 
determined  from  observations  on  a  north  and  a  south 
meridian  mark.  The  positions  of  the  marks  were 
determined  several  times  a  week  lietween  5  and  7,.\.  m. 
and  p.  M.,b}'  observations  of  pole  stars  whose  positions 
were  fundamentallj'  determined  during  the  progress  of 
the  eight  years  work.  The  positions  of  the  clock 
stars  used  to  determine  the  clock  corrections  were 
derived  from  7000  observations  on  410  nights  during 
the  period  under  discussion.  The  full  details  of  the 
method  employed  in  determining  the  fundamental 
right  ascensions  of  the  clock  stars  are  given  on  pages 
XXXV  to  LVI  of  the  volume  to  which  reference  has 
already  been  made.  The  times  of  transit  of  the  stars 
over  a  fixed  reticule  were  recorded  by  means  of  a 
chronograph  key.  The  clocks  used  in  the  observa- 
tions were  kept  under  constant  pressiu'C  and  constant 
temperature. 

In  obtaining  the  results  in  the  following  table,  the 
shortest  interval  between  an  evening  and  a  morning 
clock  correction  was  6  hours  and  the  average  interval 
was  S"*.!  arranged  approximately  symmetrically  with 
respect  to  midnight.  Consequentlj'  in  accordance 
with  the  formula  of  Zimmer  the  mean  difference 
obtained  is  80%  of  the  maximum  difference  for  the 
day.  The  results  depend  on  5043  star  observations 
made  on  376  different  nights. 


Morning  Corr 

No. 

ramus 

Time 

Interval 

Nights 

Evening  Con- 

1903-04 

Sept 

10  to  June   12 

02 

-o'.OOo 

1904-05 

July 

11  to  June  19 

50 

-0.009 

1905-06 

Aug. 

21  to  Mav     4 

47 

+  0.001 

1906-07 

Aug. 

23  to  June     () 

16 

-0.002 

1907-08 

July 

25  to  June     2 

66 

-  0.006 

1908-09 

Julv 

6  to  April  28 

71 

-0.005 

1909-10 

Aug. 

4  to  May  28 

31 

-0.001 

1910-11 

Aug. 

22  to  April  10 

33 

-0.005 

1903-11 


376 


-0.004 


Any  possible  residual  periodic  error  in  the  right  ascen- 
sions of  the  clock  stars  would  have  no  effect  on  the 
annual  differences. 

Another  grouping  of  the  data  gives: 


Morning  Corr. 

Mean  Interva 

No. 

minus 

between 

Nights 

Evening  (!orr. 

(^orr's. 

Jan. 

—  Mar. 

95 

-0.007 

h 

8.7 

A])r. 

—  June 

65 

-0.005 

6.7 

Julv 

—  Sept. 

88 

-  0.009 

7.1 

Oct. 

—  Dec. 

128 
376 

+  0.001 
-0.004 

9.1 

8.1 

Licreasing  this  value  by  25%  we  have  the  maximum 
daily  difference  0^005. 

Except  on  13  nights,  the  evening  and  morning  correc- 
tions in  a  pair  were  determined  by  different  observers, 
but  as  the  observing  program  was  so  arranged  that 
each  observer  was  assigned  an  equal  number  of  even- 
ings and  mornings,  errors  in  the  adopted  personal 
equations  of  the  observers  should  not  affect  the  result. 
Nevertheless,  a  second  set  of  data  was  collected  in 
which  the  morning  and  evening  clock  corrections  in 
any  difference  were  always  determined  by  the  same 
observer,  using  in  this  case  the  morning  and  the  fol- 
lowing evening,  the  maximum  interval  being  16  hours, 
and  the  mean  interval  14''.7,  so  that  the  difference 
obtained  should  be  90%  of  the  maximum  for  the  day. 
In  this  case  there  were  202  pairs  of  clock  corrections 
depending  on  2769  star  observations,  of  which  1478 
had  already  been  used  in  the  previous  determination. 
Dividing  these  determinations  into  five  groups,  we 
luive 


Interval 

1903  Sept.  to  1904  Nov. 

1904  Nov.  to  1907  Oct. 

1907  Oct.    to  1908  Nov. 

1908  Nov.  to  1909  Sept. 

1909  Sept.  to  1911  Mar. 


Morning  Corr 

No. 

mmus 

Differenees 

Evening  Corr 

40 

-0.011 

41 

-0.006 

40 

+  0.006 

41 

-0.005 

40 

-0.008 

1903  Sei)t.  to  1911  Mar. 


202 


■0.005 


I'Voni  an  examination  of  tiie  i)ositions  of  the  azimuth 
marks  during  the  eight  years  work,  it  was  found  that 
the  mean  azimuth  of  the  marks  near  sunrise  was 
0".004  greater  than  near  sunset.  No  daily  variation 
in  the  position  of  the  marks  was  considered  in  the 
reduction  of  the  work  as  published.  To  take  account 
of  this  daily  variation  in  the  azimuth  of  the  marks  of 
0'.004,  the  excess  of  the  evening  clock  corrections 
over  the  morning  ones  as  found  above,  0".005,  should 
be  increased  to  0^.007. 
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It  is  thus  found,  b}^  omitting  all  daylight  observa- 
tions, by  eliminating  periodic  errors  from  the  right 
a&censions  of  the  clock  stars  and  daily  variations  in 
the  instrumental  constants,  and  by  keeping  the  clocks 


under  constant  pressure  and  constant  temperature, 
that  the  daily  variation  of  the  clock  corrections  at  the 
U.  S.  Naval  Observatory  for  a  period  of  eight  years 
is  a  negligible  quantity. 


APPROXIMATE  ELEMENTS  OF  TWO   SOUTHERN   BINARIES, 

By   BERNH.ARD   H.    DAWSON, 
elements    of    the    binary    stars 


The  accompanying 
/3  744  and  Brisbane  3574  have  been  deduced  and  are 
presented  as  first  approximations.  In  each  case  a 
trial  ellipse  was  drawn  and  from  it  values  of  e,  Q, ,  i 
and  CO  were  derived  by  Zwiers'  method.  With  these 
values  of  Q,,  i  and  to  the  observed  position  angles  were 
reduced  to  true  anomalies,  and  with  values  of  e  differ- 
ing by  successive  steps  of  0.01  the  true  anomalies  were 
reduced  to  mean  anomalies  with  Schlesinger's 
tables.  Selecting  that  value  of  e  for  which  the  result- 
ing plot  of  M  as  function  of  t  was  nearest  to  a  straight 
line,  a  least  squares  solution  was  made  for  P  and  T. 
With  these  values  and  those  of  oj  and  i  previously 
found,  the  quantity  P  —  S2  was  computed  for  each 
observation  and  Q,  redetermined  from  the  resulting 
differences.  Finally  a  was  determined  by  dividing 
the  sum  of  the  observed  distances  b.y  the  hum  of  the 
corresponding  ratios  s/a. 

The  two  stars  are  similar  in  many  respects.  The 
apparent  separation  of  each  has  been  decreasing 
throughout  the  interval  covered  by  the  observations, 
and  will  reach  a  minimum  in  the  near  future.  The 
earlier  measures  of  distance  are  so  erratic  that  the 
determination  of  the  elements  must  be  based  almost 
entirely  on  the  position  angles.  The  observed  arcs 
are  10e°  and  167°  and  hence  the  deduced  elements 
cannot  safely  be  considered  as  more  than  approximate. 
The  eccentricities  and  inclinations  are  not  extreme  in 
either  direction.  The  only  really  notable  element  is 
the  major  axis  of  Brisbane  3574,  which  results  4". 54 
and  can  hardly  be  much  less  than  4". 5.  This  is 
extremely  large  for  so  faint  a  star. 

2159/3  744;    R.  A.   4'' 17">.4;    Decl.    -25°  58'    (1900) 


Elements 


Ephemeris 
Date  Angle         Dist. 


T  = 

P  = 


Q.  = 


1923.22 
100.6    years 
0.48  " 
0".74 
278°.0 
±50.0 
161.7 


1922.00 
1923.00 
1924.00 
1925.00 
1926.00 
1927.00 


62.3 

80.1 

97.2 

111.7 

123.5 

132.9 


0.252 
0.249 
0.263 
0.290 
0.325 
0.363 


Comparison  with  Observations 


Angle 

Distance 

Date 

0      O-C 

()      O-C 

Observer 

1891.78 

306.6  -1-5.3 

0.79  +0.01 

/3 

3 

94.10 

301.4  -4.2 

0.59  -0.19 

Sl 

2.1 

97.73 

312.1  -0.1 

0.52  -0.25 

See 

1 

98.88 

314.0  -0.4 

0.81  +0.04 

A 

1 

1900.1 

316.8  +0.1 

0.89  +0.13 

See 

1 

07.01 

*330.9  +0.1 

0.65  -0.04 

LM 

1 

10.27 

339.4  +0.4 

0.66  +0.03 

I 

2 

14.07 

351.3  -0.2 

0.58  +0.05 

I 

2 

16.10 

358.8  -1.9 

0.52  +0.06 

I 

2 

19.25 

21.4  -2.5 

0.28  -0.05 

S 

2 

20.12 

36.5  +2.7 

0.31  +0.01 

5 

3 

1920.89 

47.1  +0.8 

0.25  -0.02 

& 

3 

"Supposing  a  mistake  of  30°. 


Brisbane  3574;   R.  A. 

11'-  20'".4;   D 

3cl.  -61°  6' 

(1900) 

Elements 

Ephemeris 

Date 

Angle 

Dist. 

T  =  1918.48 

o 

,, 

P  =     342.0    years 

1922.40 

102.11 

1.903 

e  =        0.58 

1924.40 

109.61 

1.900 

a  =         4". 54 

1926.40 

117.12 

1.899 

w  =         0°.0 

1928.40 

124.62 

1.903 

i  =   ±40.0 

1930.40 

132.07 

1.915 

Q.  =      87.5 

1932.40 

139.39 

1.936 

Comparison  with  Observations 


Date 

1834.20 
38.10 
51.27 
53.96 
56.21 
58.11 

1879.03 


Angle 

O  O-C 

292.2  -3.0 

296.7  +0.1 

304.8  -0.3 

303.7  -2.6 

310.9  +3.0 

306.8  -2.5 


Distance 
O        O-C 


6.38  [+1.19] 
4.71  +0.17 
4.47    +0.02 


4.25   +0.02 
329.6  1-1.7]  4.32  [+1.30] 


Observer 

h(R)  1 

h(E)  2 

J  2 

J  2 

J  2 

J  1 

CGA  4 
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Angle 

Distance 

\i 

glo 

Distance 

Date 

0 

0-C 

0 

0-C 

Observer 

Date 

O 

O-C 

()        0-C 

Observer 

1883.42 

337.9 

-0.5 

2.41 

-0.36 

Hg       1 

1917.38 

83.4 

0.0 

1.83    -0.08 

I            2 

96.30 

10.1 

+  1.7 

2.20 

+  0.12 

Si         3 

17.4 

81.2 

-  2.3 

2.00   +0.09 

\          5 

1901.25 

26.3 

+  1.3 

1.88 

-0.12 

Tl)       2 

17.55 

83.8 

-0.2 

1.93   +0.02 

5           4 

11.32 

00.1 

-0.0 

2.06 

+  0.10 

I           2 

20.27 

94.4 

+  0.2 

1.99  +0.08 

Tp       4 

13.31 

09.2 

+  1.0 

1.74 

-0.10 

I           2 

20.28 

94.5 

+  0.3 

1.96   +0.05 

8           4 

14.25 

72.2 

+  0.5 

1 .80 

-0.04 

I           2 

1921.39 

99.5 

+  1.2 

1.83   -0.08 

.5           2 

15.31 

74.0 

-1.7 

1.86 

-0.04 

\         4 

15.36 

70.6 

+  0.7 

1.60 

-0.30 

1           2 

La  Plata, 

1910.38 

80.4 

+  0.7 

1.08 

-0.23 

I           2 

1921,  November  30. 

OBSERVATIONS  OF  THE   SATELLITE  OF  NEPTUNE, 

WITH    THE    2fl-INCH    EQU.^TORIAL   OF   THE    U.  S.    NAVAL   OBSERVATORY, 

By   .4SAPH   H.ALL. 
[Communicated  by  Captain  W.  D.  MacDodgall,  U.  S.  Navy,  Superintendent] 


Date 

G.  M.  T. 

V 

(;.  M.  T. 

s 

Comp. 

Seeing 

Remarks 

1920     Dee.    14 

h       m       s 

18  53  39 

301.805 

h       m        s 

18  56  38 

16.49 

4  ,  4 

f 

17 

18  53  42 

120.324 

18  .59  06 

15.98 

4  ,  4 

f 

Haze. 

20 

18   14   11 

298.577 

18   19  29 

16.44 

4  ,  4 

g 

Alooiilight. 

31 

18  59  43 

325.240 

18  .57  27 

15.38 

4  ,4 

g 

Haze. 

1921     Jan.      3 

10  45  .58 

147.200 

16  44  34 

15.24 

4  ,  4 

p-f 

0 

17  06  00 

322.966 

16  55  49 

15.40 

4  ,4 

f 

Haze  and  clouds.     V 

ery  faint. 

12 

17  27   12 

317.451 

17  29   18 

16.39 

4  ,4 

f 

27 

15  38  50 

129..588 

15  38  02 

10.70 

4  ,4 

f-p 

Feb.    11 

14  26  20 

299.103 

14  27  01 

16.93 

4  ,  6 

f 

14 

15  41   25 

116.999 

15  41    20 

16.40 

4  ,  4 

f 

10 

16  59  51 

329.609 

10  58  24 

15.40 

5  ,  0 

f 

25 

14  29  31 

146.713 

14  40  54 

15.74 

4  .  5 

f 

Mar.     1 

13  49  41 

285.423 

13  53  58 

15.84 

4  .4 

f-K 

(Uouds  at  first. 

7 

14   10  07 

278.447 

14  08  42 

14..55 

4  ,  4 

g-f 

Haze.     Faint. 

13 

17  32  22 

261. .526 

17  42  25 

12.38 

4  ,  4 

f 

18 

15  45  02 

307.123 

15  48  23 

17.38 

4  ,  4 

f 

Moonlight  and  haze. 

Faint. 

25 

13  21    18 

258.489 

13  27  36 

12.18 

4,4 

f 

29 

13  23  22 

344.737 

13  23  29 

13.36 

4  ,4 

f 

Apr.      1 

14   12  50 

101.286 

14   10  01 

13.40 

4  ,  4 

f 

4 

14    11   03 

330.394 

14   10  02 

14.17 

4  ,  4 

g-f 

5 

14  26  59 

295.173 

14  28  52 

16.42 

4  ,4 

r 

6 

13  38  36 

2.35.472 

13  38  46 

10.57 

4  ,4 

f 

Faint. 

11 

14  29  33 

290.079 

14  36  16 

16.00 

4,4 

f 

Seeing:    g  =  good,  f  =  fair,  p  =  poor.     The  powers  used  were  a.s  follows:    388,  Dec.  14 
sive,  also,  on  Feb.  16;   367  on  Mar.  7;   495  and  770  on  Mar.  13;   and  495  on  other  dates. 

U.  S.  Naval  Obserualory,  Washinglon,  D.  C, 
19£l,  Sept.  19. 


Jan.  27,  indu- 
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ELEMENTS  OF   TEMPEL'S   COMET,   a   1920, 

By  frank   E.   SEAGRAVE. 

The  following  elements  are  based  on  observations  by  Prof.  George  Van  Biesbroeck  at  Yerkes  Observatory 
July  20,  Aug.  21,  and  Sept.  23,  1920,  and  published  in  A.  J.,  792. 

E  =  1920,  Aug.  21.884  G.  M.  T. 


M  =  13  39  28.50 
CO  =  186  41  47.79 
T  =  307  29  17.99 

9.  =  120  47  30.20 
/  =  12  46  31.72 


log  e  =  9.7499864 

log  a  =  0.4783612 

log  q   =  0.1195142 

M   =  679".9309 


.r  =  ;-[9.9920195]  sin  (211  25  37.40  +  u) 
y  =  r[9.9817112]  sin  (124  42  53.96  +  u) 
z  =  r[9.5338291]  sin  (  89  17  36.54  +  u) 


OBSERVATIONS   OF   THE   SATELLITES   OF  SATURN,    1909, 

WITH  THE  26-INCH  REFR.\CTOR  OF  THE  V.  S.   NAVAL  OBSERVATORY, 

By   ASAPH    HALL  and   JAMES    B.    EPPES. 
[Communicated  by  Captain  W.  D.  MacDodgall,  U.  S.  Navy,  Superintendent.) 


W.  M.T. 


P 


W.M.T. 


Comp.    Seeing     J°--^_       Obs. 


Remarks 


Enceladus-Telhys 


1909  Oct. 


Dec. 


20 
20 
25 
25 
6 
6 


0 

14 

15 

0 

58 

12 

7 

56 

54 

8 

29 

30 

7 

28 

8 

7 

49 

14 

279.77 
279.72 
84.18 
83.84 
73.04 
70.40 


10  31  47 

7.94 

4,4 

3 

10  42  32 

8.02 

4,4 

3 

8  7  30 

10.18 

4,4 

2-3 

8  18  46 

9.76 

4,4 

2-3 

7  29  3 

39.65 

■i  ,-4 

2 

7  48  38 

36.39 

4  ,4 

2 

1909  Sept.  2 

2 

Oct.  16 

22 

22 

26 
26 
28 
28 
29 

29 
Nov.  4 

4 
Dec.  5 

5 

20 
20 


13  13 

43 

100.63 

14  0 

27 

101.10 

8  32 

25 

102.41 

9  23 

54 

84.47 

11  25 

49 

106.14 

12  4 

10 

103.98 

8  24 

17 

336.70 

8  57 

38 

325.40 

9  13 

29 

235.65 

9  41 

14 

228.97 

12  17 

9 

95.72 

13  15 

27 

94.30 

7  22 

43 

31.76 

7  41 

27 

23.46 

8  14 

6 

98.76 

8  30 

20 

98.64 

Telhys-Dione 


13  25  51 
13  41  52 

8  51  55 

9  33  41 
9  42  44 

11  38  58 

11  48  49 
8  41  30 

8  47  1 

9  22  41 

9  30  9 

12  40  25 

13  0  19 
7  30  11 

7  34  16 

8  19  43 
8  25  3 


14.10 

4  ,4 

3-4 

13.86 

4  ,4 

3-4 

57.78 

4,4 

3-4 

58.36 

4,4 

4 

58.01 

0,4 

4 

24.51 

4  ,4 

2-3 

24.85 

4  ,4 

2-3 

15.62 

4  ,  4 

4 

15.84 

4,4 

4 

31.70 

■1,4 

3 

30.76 

4,4 

3 

97.76 

4  ,4 

3 

99.23 

4  ,4 

3 

21.74 

2,2 

2 

21.52 

2,2 

2 

27.20 

2,2 

2 

26.95 

2  ,  2 

2 

388  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 


.  .  .  Brt. 
.  .  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 

388  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 

388  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 

388  ,  Brt. 
388  ,  Brt. 


Hl 
Hl 
Hl 
Hl 
Hl 
Hl 


Hl 
Hl 
Hl 
Hl 
Hl 

Hl 
Hl 
Hl 
Hl 
Hl 

Hl 
Hl 
Hl 
Hl 
Hl 

Hl 

Hl 


Haze.     Clouds. 


Clouded. 


Clouc 


Clouded. 


Moonlight. 
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Comp. 


Seeing 


Power 
and  Ilium. 


Obs. 
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Remarks 


Tethys-Rhea 


1909  Oct. 


Dec 


22 
22 
30 
30 
20 
20 


8  35  6 

9  7  1 
10  19  35 
10  49  49 
10  11  57 
10  31  20 


93.50 
93.03 
98.99 
98.57 
80.58 
79.92 


8  45  36 
8  56  49 
10  31  29 
10  39  3 
10  19  18 
10  25  53 


127.75 

4,4 

4 

128.26 

4,4 

4 

48.78 

4,4 

2-3 

48.54 

4,4 

2-3 

80.74 

2,2 

2 

79.74 

2,2 

2 

388 
388 
388 
388 

388 
388 


Brt. 
Brt. 
Brt. 
Brt. 
Brt. 
Brt. 


Hl 
Hl 
Hl 
Hl 
Hl 
Hl 


Moonlight. 


Dione-Rhea 


1909  Oct. 


13 
13 
13 
13 
16 

16 
26 
26 

28 
28 


29 

29 

Dec.  20 

20 


9  34  37 

75.20 

10  7  34 

74.29 

10  41  12 

72.61 

11  14  43 

71.56 

9  8  29 

81.68 

9  45  58 

80.65 

12  28  20 

88.48 

13  18  57 

87.88 

9  10  35 

357.60 

9  36  14 

355.14 

9  51  41 

274.85 

10  17  5 

274.66 

8  39  11 

77.32 

9  0  24 

76.46 

9  47  52 

9  55  31 

10  55  23 

11  3  50 
9  21  29 

9  32  47 

12  48  7 

13  5  48 
9  21  31 
9  27  54 

10  2  13 
10  8  49 

8  48  40 
8  52  33 


30.76 

4,4 

4 

30.26 

4,4 

4 

27.02 

4,4 

4 

26.95 

4,4 

4 

93.42 

4,4 

3-4 

92.37 

4,4 

3-4 

91.07 

4,4 

3 

90.03 

4,4 

3 

6.16 

4,4 

4 

6.22 

4,4 

4 

87.31 

4,4 

3 

87.35 

4,4 

3 

66.93 

2,2 

2 

66.59 

2,2 

2 

388  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 

388  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 

388  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 


Hl 
Hl 
Hl 
Hl 
Hl 

Hl 
Hl 
Hl 
Hl 
Hl 

Hl 
Hl 
Hl 
Hl 


Moonlight. 


Rhea-Titan 


1909  Oct. 


20 
20 
25 
25 
25 

25 
26 
26 
26 

26 

27 

27 
27 
27 
27 


8  37  29 

9  40  46 

8  48  32 

9  25  43 

10  45  10 

11  4  1 

8  39  36 

9  35  33 
9  58  17 

10  56  34 

9  48  47 

10  3  36 
10  9  54 
10  28  55 
10  39  43 


90.181 

89.834 

323.430 

320.443 

314.405 

313.135 
281.546 
281.056 
280.811 
280.388 

272.030 
271.946 
271.933 
271.790 
271.762 


8  58  22 

9  18  46 

9  0  7 

9  10  56 
10  52  54 

10  57  45 

8  59  39 

9  18  24 
10  20  37 

10  38  5 

9  53  49 
9  58  12 

10  15  42 
10  21  30 
10  49  58 


284.36 

283.75 

65.20 

66.11 

75.44 

75.78 
216.54 
217.95 
222.63 
224.04 

241.73 
241.39 
240.70 
240.50 
239.17 


4  ,4 
4  ,4 
4  ,4 
■i  ,4 
4  ,4 

4,4 
4,4 
4,4 
4  ,4 
4  ,4 


2-3 
2-3 

3 

3 

3 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 


388  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 

388  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 

388  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 
388  ,  Brt. 


Hl 

Hl 
Hl 
Hl 
Ep 

Ep 
Hl 
Hl 
Hl 
Hl 

Ep 
Ep 
Ep 
Ep 
Hl 


Moonlight. 
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Date 

W.  M.  T. 

V 

W.  M.  T. 

s 

Comp. 

Seeing 

Power 
and  Ilium. 

Obs. 

Remarks 

Rhea-Titan  —  Continued 

1919   Oct. 

27 

11    11   30 

271.580 

10  59"  9' 

238.57 

4,4 

3 

388 

,  Brt. 

Hl 

Clouded.      Black 

29 

8     8  38 

265.528 

8   15   14 

95.38 

4,4 

3 

388 

,  Brt. 

Ep 

wires  in  moonlight 

29 

8  26  22 

265.702 

8  20  49 

95.73 

4  ,4 

3 

388 

,  Brt. 

Ep 

for  p. 

29 

8  41   25 

265.762 

8  47  40 

95.88 

4,4 

2 

388 

,  Brt. 

Ep 

29 

8  57  35 

265.785 

8  52  37 

95.88 

4,4 

2 

388 

,  Brt. 

Ep 

29 

11   38  50 

266.295 

11  47  43 

98.50 

4,4 

3 

388 

.  Brt. 

Hl 

29 

12     4  48 

266.456 

11   56  45 

98.46 

4  ,4 

3 

388 

,  Brt. 

Hl 

29 

12  20  10 

266.446 

12  34  41 

99.37 

4  ,4 

3 

388 

,  Brt. 

Hl 

29 

12  59  29 

266.605 

12  48   13 

99.57 

4  ,4 

3 

388 

,  Brt. 

Hl 

Moonlight. 

30 

8     7  50 

266.977 

8  23  56 

145.24 

4  ,4 

3 

388 

,  Brt. 

Hl 

30 

8  47   11 

266.873 

8  35  52 

145.78 

4,4 

3 

388 

,  Brt. 

Hl 

31 

8  46  46 

257.253 

8  59  54 

144.40 

4  ,4 

3 

388 

Brt. 

Hl 

31 

9  18     3 

256.760 

9     7  41 

143.61 

4  ,4 

3 

388 

Brt. 

Hl 

31 

9  33  45 

256.582 

9  47  49 

141.80 

4,4 

3 

388 

Brt. 

Hl 

31 

10   10  59 

256.050 

9  59  59 

140.96 

4.4 

3 

388 

Brt. 

Hl 

31 

10  30  46 

255.688 

10  38  29 

138.79 

4  ,  4 

3 

3606 

Brt. 

Ep 

31 

10  48  44 

255.440 

10  43  58 

138.37 

4  ,4 

3 

3606 

Brt. 

Ep 

Nov 

4 

8  51    13 

92.746 

8  57  50 

126.52 

4  ,  4 

3 

388 

Brt. 

Ep 

4 

9   10     7 

92.825 

9     3  26 

126.61 

4  ,4 

3 

388 

Brt. 

Ep 

4 

9  41   55 

92.777 

9  53  44 

125.02 

4  ,  4 

3 

388 

Brt. 

Hl 

4 

10     7  26 

92.907 

10     0  46 

124.76 

4,4 

3 

388 

Brt. 

Hl 

6 

9     4   11 

91.243 

9  18  23 

233.25 

4,4 

3-4 

388 

Brt. 

Hl 

6 

9  43  34 

91.044 

9  32  30 

233.67 

4,4 

3-4 

388 

Brt. 

Hl 

6 

10   12  37 

90.935 

10  22  10 

235.70 

4,4 

3-4 

388 

Brt. 

Ep 

6 

10  36  47 

90.833 

10  29  19 

235.75 

4,4 

3-4 

388 

Brt. 

Ep 

16 

10  34  45 

129.975 

10  46  58 

46.50 

4,4 

4 

388 

Brt. 

Hl 

Clouds. 

16 

11     9     1 

128.943 

10  58     5 

46.50 

4,4 

4 

388 

Brt. 

Hl 

18 

7  58  59 

152.567 

8     9  43 

35.08 

4,4 

4 

388 

Brt. 

Ep 

18 

8  20  23 

151.696 

8  15  32 

35.17 

4  ,4 

4 

388 

Brt. 

Ep 

18 

8  45     9 

150.184 

8  53  35 

36.36 

4  ,4 

4 

388 

Brt. 

Hl 

18 

9     6  21 

149.089 

8  58     0 

36.42 

4  ,4 

4 

388 

Brt. 

Hl 

Dec. 

4 

11     0  52 

99.086 

11  23     8 

191.22 

4,4 

4 

388 

Brt. 

Hl 

4 

11  46  41 

98.786 

11  35  10 

191.43 

4,4 

4 

388 

Brt. 

Hl 

6 

8  20  58 

95.610 

8  33  45 

109.73 

4,4 

3 

388 

Brt. 

Hl 

6 

8  58  25 

95.691 

8  46  20 

109.68 

4,4 

3 

388 

Brt. 

Hl 

8 

8  13  40 

89.911 

8  27  28 

245.94 

4  ,  4 

4 

388 

Brt. 

Hl 

8 

8  48  18 

89.736 

8  37  56 

246.01 

4  ,4 

4 

388 

Brt. 

Hl 

17 

8  47  38 

223.458 

9     2  41 

45.08 

4,4 

4 

388  , 

Brt. 

Hl 

Too  poor  to  finish. 

20 

10  40  47 

128.667 

10  52  32 

60.34 

4,4 

3 

388  , 

Brt. 

Hl 

Moonlight. 

20 

11   11  29 

127.413 

10  59  52 

61.01 

4,4 

3 

388  , 

Brt. 

Hl 

22 
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Date 


W.M.T. 


W.  M.  T. 


Comp.    Seeing 


Power 
and  Ilium. 


Obs. 


Remarks 


Rhea-Titan  —  Continued 


1919  Dec 


1909  Nov 


S  2  21  102.395 
S  44  M  101.9()8 
9   10  43      101.802 


332.785 
332.418 
332.114 
331.403 
307.997 
307.803 


8   16  38 

8  34     9 

9  12  54 


18G.96 
188.38 
192.33 


4  ,  4 
4  ,  4 
4  ,4 


3 

3 

3-4 


388  ,  Brt.      Hl  |   Moonlight. 

388  ,  Brt.      Hl 

388  ,  Brt.   Hl   Clouded. 


10 

19 

41 

10 

44 

16 

11 

3 

37 

11 

52 

40 

8 

10 

36 

8 

48 

18 

10  29 

22 

10  37 

33 

11  21 

17 

11  35 

56 

8  24 

49 

8  37 

49 

itan-Jo] 

)etiis 

189.96 

4  ,4 

3 

190.11 

4  ,  -i 

3 

190.30 

4  ,  4 

2-3 

190.30 

4,4 

2-3 

204.45 

4,4 

3 

204.43 

4,4 

3 

388  ,  Brt. 

388  ,  Brt. 

388  ,  Brt. 

388  .  Brt. 

388  ,  Brt. 

388  ,  Brt. 


Ep 
Ep 
Hl 
Hl 
Hl 
Hl 


Titan-Japetus 


Date 

W.  M.  T. 

Aa 

a8 

Comp. 

Seeing 

Power 
and  Ilium. 

Obs. 

Remarks 

1909  Oct. 

25 

h        m       s 

11  37  31 

+  37^533 

+  138.26 

a5 ,  5 

2 

388,  Brt. 

Ep 

25 

12     3  48 

+  37.537 

+  137.93 

i\o  ,    5 

2 

388,  Brt. 

Hl 

J.ipetus  faint. 

30 

11    18  27 

+  29.061 

+  201.75 

a5 ,  5 

2 

388,  Brt. 

Ep 

30 

11  33     4 

+  28.962 

+  201.86 

n5 ,  5 

2-3 

388,  Brt. 

Hl 

31 

11    10  27 

+  21.785 

+  207.75 

a5 ,  5 

3 

388,  Brt. 

Ep 

31 

11  24     0 

+  21.729 

+  207.75 

tin  ,    5 

3 

388,  Brt. 

Ep 

31 

11  36     5 

+  21.. 573 

+  207.97 

115  ,    5 

3 

388,  Brt. 

Hl 

Japetus  faint. 

Haze. 

Dec. 

6 

9  59  41 

-38.313 

-143.68 

fiO  ,  10 

3 

388,  Brt. 

Hl 

Comp.:     t  =  transits.     Seeing:     2  =  good,    3  =  fair,    4  =  poor.     Power    and    Ilium.:     h  =  occulting    bar 
over  planet,  Brt.  =  Bright  field.     Obs.:    Hl  =  H.^^ll,  Ep  =  Eppes. 

All  observations  were  taken   with   Clark   II    Micrometer,  telescope  east  of  pier.     Value  of  one  revolution 
=  9".9329  +0".0000  525  if  -  50°  F.)  +0".O255  (l'".2S0  -  focal  scale.) 

U .  S.  Naval  Observatory,  Washinylon,  D.  C, 
1921,  Dec.  15. 
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THE   PROPER-MOTIONS  OF   154   RED   STARS, 

By    RALPH    E.  WILSON. 


Recent  developments  in  the  realm  of  astrophysics  in- 
dicating immense  size  and  rapid  motion  in  the  Hne  of 
sight  for  certain  classes  of  the  red  stars,  together  with  the 
probability  that  they  represent  both  earlj'  and  late 
stages  of  stellar  development,  make  it  of  more  than  ordi- 
nsLTv  interest  that  we  collect  as  much  information  as 
possible  with  regard  to  their  motions  across  the  sk}'. 
Because  of  their  faintness  on  the  one  hand  and  their 
variability  on  the  other,  these  stars  have  in  general  been 
neglected  by  meridian  observers  and  comparatively  little 
material  is  available  for  the  determination  of  their  proper- 
motions.  A  few  of  them  are  found  in  Boss'  Preliminary 
General  Catalog,  others  are  scattered  here  and  there  in 
some  of  the  modern  catalogs  and  special  proper-motion 
lists,  but  the  motions  of  the  great  majority  of  them  are 
unknown.  When  the  programs  for  the  Albany  observa- 
tions in  both  northern  and  southern  hemispheres  were 
made  up,  a  representative  number  of  these  stars  were 
included.  The  approximate  completion  of  the  San  Luis 
reductions  and  the  inclusion  of  a  number  of  the  stars 
in  the  late  catalogs  of  some  of  the  northern  observatories 
give  a  comparative  wealth  of  modern  data.  Wliile 
well-determined  positions  prior  to  1875  are  woefully 
lacking,  a  sj'stematic  survey  of  the  material  available 
has  resulted   in   the   collection  of  fairly  reliable   proper- 


motions  of  154  stars,  the  spectra  of  most  of  whicu  are 
classified  as  Md,  R  and  N,  the  remainder  being. ilfc 
variables,  and  red  stars  the  spectra  of  which  are  peculiar 
or  as  3'et  unclassified.  Thirty-eight  of  them  have  been 
taken  from  the  Preliminary  General  Catalog  and  lists  by 
NoRLUND^  and  the  Misses  Young  and  Farnsworth^, 
sufficient  material  not  being  available  to  justifj^  new 
determinations.  The  remaining  116  are  new  proper- 
motions  derived  by  the  wTiter  following  the  system  of 
the  Preliminary  General  Catalog. 

The  stars  are  listed  in  Table  I,  in  the  respective  col- 
umns of  which  are  given  the  designation,  position  for 
1900,  classification  of  spectra  on  the  Harvard  system, 
proper-motion  in  right  ascension  in  seconds  of  time  and 
arc  with  the  probable  error,  proper-motion  in  declination 
with  the  probable  error,  total  proper-motion  and  the 
authority.  The  letters  in  the  last  column  signifj^:  B, 
Boss;  N,  Norlund;  S,  Schroeter';  Y,  Yolng  and 
Farnsworth;    and  W,  \^ilson. 


'Publications  of  the  Copenliagen  Observatory,  loc.  cit.  Gtllenbbrg, 
Meddelanden  fran  hands  Astronomiska  Observaloriwm,  No.  90, 
p.  13,  1918. 

•Astronomical  Journal,  Vol.  XXXIII,  p.  194,  1921. 


Table  I 


Star 

a          i            b 

Spec. 

Ml 

lii 

M 

1  H.D.  151 

2  .S  Sciilptoris    .  .  . 

3  T  Andro7n 

4  T  Cassiop 

5  R  Androm 

6  S  Ceti     .   ' 

0  1.2 
10.3 
17.2 
17.8 
18.8 
19.0 

1  10.6 
12.3 
12.3 

-33  22 
-32  36 
+26  26 
+  55  14 
+38     1 
-  9  53 
+25  14 
+  72     5 
+  8  24 

Md 

Md 

Md 

Md 

R? 

Md 

Na 

Pec 

Md 

-.0005    -.006    ±.007 
+      62    +.077           10 
+      08    +.011           19 
+      75    +.064           12 

-  15    -.018          12 

-  08    -.012          22 

-  21    -.028          09 
+      08    +.004           04 

-  42    -.062          27 

+  .012    ±.008 
+  .036           12 
+  .019          09 
-.018          21 
-.057           13 
+  .017           22 
-.015           08 
-.047           10 
-.046          22 

.013 
.085 
.022 
.066 
.060 
.021 
.032 
.047 
.077 

W 

W 

w 
w 
w 
ir 
w 
w 
w 

7  Z  Piscium 

8  S  Ca.'isiop 

9  ."^  Pif:ciiim 

(23) 


24 
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10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
.21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


R  Sculptoris . 
R  Piticium  .  . 

Y  Arietis  .  .  . 
R  Arietis  .  . . 

0  Ceti 

RCeti 

H.D.  16115. 

Y  Arietis  . .  . 
T  Arietis  .  .  . 
II'  Persei  .  .  . 
H.  D.  19557 . 
//.£>.  20234. 

Y  Persei.  .  .  . 
T  Eridani  .  . 
T  Camelop .  . 
R  Doradus .  . 
ST  Camelop. 
R  Picloris . .  . 
TTTauri.  .. 

Y  Tauri 

R  Orionis  .  . 
R  Leporis .  .  . 
W  Orionis  .  . 
TX  Auriga;  . 
UV  Aurigie  . 
T  Columhm  . 
S  Aurigce  .  .  . 
RT  Orionis  . 
S  Camelop  .  . 
TU  Tauri  .  . 

Y  Tauri 

H.  D.  38572 . 
S  Leporis    .  . 
TUGemin.  . 
UU  Auriga; . 
H.  D.  47883 . 
H.  D.  51208 . 
H.  D.  52432 . 
R  Gemin.  .  . 
R  Can.  Min. 
W  Can.  Maj. 
Li  Puppis  .  . 
H.  D.  58881 . 
^.Z).  59643. 
S  Can.  Min. 
S  Gemin.  .  . 
IL  D.  62164 
T  Cemin.  .  . 
U  Puppis .  . 
R  Caiicri  .  . 
RY  Hiidra-    . 


1  22.4 
25.5 

2  9.6 
10.4 
14.3 
20.9 
30.2 
35.0 
42.8 
43.2 

3  3.7 
10.0 
20.9 
51.0 

4  30.4 
35.6 
40.9 
43.5 
45.2 
46.3 
53.6 
55.1 

5  0.2 
2.2 

15.3 
15.6 
20.5 
27.8 
30.2 
39.1 
39.7 
41.7 

6  1.6 
4.7 

29.7 
35.7 
51.3 
56. 1 

7  1.3 
3.2 
3.4 

10.5 
22.4 
25.8 
27.3 
37.0 
37.5 
43.3 
56.2 

8  11.1 
14.9 


h 

Spec. 

-33    4 

Nh 

+  2  22 

Md 

+  11  47 

Nb 

+24  35 

Md 

-  3  26 

Md 

-  0  38 

Md 

-  9  53 

/« 

+30  47 

Mc 

+  17     6 

Mc 

+56  34 

Mc 

+  57  31 

R5 

-57  42 

Xa 

+43  50 

N 

-24  20 

Md 

+65  57 

R? 

-62  16 

Mc 

+68    0 

Nb 

-49  25 

Md 

+28  21 

Nb 

+  17  22 

Md 

+  7  59 

R? 

-14  .57 

Pec 

+    1     2 

Nb 

+  38  52 

Nb 

+32  24 

R! 

-33  49 

Md 

+34    4 

Nh 

+   7     4 

Nb 

+68  45 

R8 

+24  23 

Nb 

+20  39 

Nb 

+30  36 

Na 

-24  11 

Mc 

+26     2 

Na 

+38  31 

Na 

+31  33 

No 

-42  14 

Na 

-  3     6 

R5 

+22  51 

A'? 

+  10  11 

Pec 

-11  46 

Na 

-44  28 

Md 

-11  31 

Rp 

+24  44 

R8 

+  8  32 

Md 

+23  41 

Md 

-10  39 

,1/c? 

+23  59 

«? 

-12  34 

Md 

+  12    2 

Md 

+  35 

Nb 

+ 


-.0020 
-  07 
=t  00 
26 
01 
29 
06 
12 
39 
00 
OS 
14 
37 
IS 


81 
18 
52 
38 

100 
92 
12 
05 
09 
10 
2S 
33 
09 

176 
02 
21 
00 

m 

01 
14 
IS 
08 
20 
IS 
!4 

-  76 
+  104 

-  05 

-  14 
+   04 

-  34 
+   03 

-  10 

-  11 

-  53 

-  14 


+ 


-  .025 
-.010 
±  .000 
+  .035 
-.001 

-  .044 
+  .009 
-.015 

-  .056 
±  .000 
-.()()(> 
+  .011 
+  .040 
+  .025 
+  .044 
-.0.56 
-.010 
+  .051 

-  .0.50 
-.143 
+  .130 
-.018 
+  .008 
+  .010 
+  .013 
+  .035 
+  .040 
-.013 

-  .09(1 
+  .003 
+  .029 
±.000 
+  .()()S 
-.001 
+  .016 

-  .023 
+  .009 

-  .030 
+  .025 
+  .020 


-  .007 
-.019 
+  .006 

-  .047 
+  .004 
-.014 
-.016 
-.078 
-.021 


.011 
12 
27 
13 
03 
24 
14 
10 
10 

16 
02 

15 

05 
01 
11 
13 

19 
28 
14 
OS 


10 


11 
11 

10 
OS 
0! 

oc. 

10 
04 
21 
11 
12 
23 
04 

07 
15 
15 
30 
08 

14 
14 


-.020 
+  .009 

+.10(; 

-  .060 
-.237 
+  .011 
-.010 
+  .007 
-.025 

+  .oos 

±  .000 
+  .007 
+  .011 

-  .003 
-.007 
-.084 
-.002 
+  .048 
+  .015 
+  .016 
-.280 
+  .019 
-.017 
-.013 
-.003 
+  .035 
+  .014 
+  .011 

-  .062 
+  .003 

-  .007 

-  .009 

-  .023 
-.010 
-.031 
-.024 
+  .016 
-.119 

-  .008 

-  .035 

-  .008 
+  .327 

-  .003 
-.003 
+  .026 
-.028 
+  .014 
+  .023 
-.036 
+  .014 
-.017 


.010 
10 
25 
11 
02 
19 
11 
11 
10 

26 
04 

16 

07 
05 
16 
11 
21 
23 
12 
07 


12 


10 
10 
11 
07 
04 
06 
11 
0() 
19 
16 
09 
12 
04 

07 
14 
16 

21 
OS 

12 
14 


.032 
.013 
.106 
.069 
.237 
.045 
.013 
.017 
.061 
.008 
.006 
.013 
.042 
.025 
.045 
.101 
.010 
.071 
.052 
.144 
.311 
.02(5 
.019 
.016 
.013 
.049 
.042 
.017 
.111 
.004 
.030 
.009 
.024 
.010 
.035 
.033 
.018 
.123 
.026 
.040 
.112 
.345 
.008 
.019 
.027 
.055 
.044 
.027 
.038 
.079 
.027 


W 
W 
W 
W 
/>• 
II' 
W 
W 
W 
N 
W 
W 
N 
W 
N 
W 

w 
w 
w 
w 
w 
w 
w 

N 
N 
W 
Y 
N 
N 
W 
W 
W 
W 

ir 
\v 
w 
w 
w 
w 
w 
w 
w 

N 
W 

w 
w 
w 
w 

Y 

W 
W 
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61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
lOS 
109 


V  Cancri  .  . 
U  Cancri  .    . 
R  Pyxidis . 
H.  D.  75021 . 
S  Hydrce .... 
X  Cancri  .    . 
T  Hydra;  .  .  . 
T  Cancri  .  .  . 
RS  Cancri  .  . 
R  Carina;    .  . 
R  Leonis .  . 
H.D.  85319. 

V  Hydrm  .  . 
X  Velorum.  . 

V  Leonis  .  .  . 
S  CarincB  .  .  . 
H.  D.  88539 . 
U  Antlii;  .  .  . 
U  Hydrce  .  .  . 
R  Urs.  Maj. 
H.  D.  92839 . 

V  Hydro;  .  .  . 
R  Crateris  .  . 
S  Crateris .  .  . 
T  Virginis.  . 
SS  Virgi7iis. 
R  Virginis.  . 
S  Urs.  Maj. . 

V  Can.  Ven . 
U  Virginis.  . 
RY  Draconis 
SW  Virginis 

V  Virginis.  . 
R  Hydrce  .  .  . 
S  Virginis  .  . 
T  Centauri.  . 
W  Hydra  .  . 
R  Centauri.  . 
RX  Bootis  .  . 

V  Bootis ... 
R  Bootis .  .  .  . 
Lai.  6222  . .  . 
S  Serpentis .  . 
S  Corona  .  .  . 
U  Libra .... 
R  Corona.  .  . 

V  Corona.  .  . 
R  Serpentis  . 
RR  Herculis 


10 


8  16.0 
30.0 
41.3 
42.4 
48.4 
49.8 
50.8 
51.0 

9  4.6 
29.7 
42.2 
45.9 
46.4 
51.3 
54.5 

6.2 
7.5 
30.8 
32.6 
37.6 
38.1 
46.8 
55.6 

11  47.6 

12  9.5 
20.1 
33.4 
39.6 
40.4 
46.0 
52.5 

8.9 
22.6 
24.2 
27.8 
36.0 
43.4 

9.4 
19.7 
25.7 
32.8 

4.7 
17.0 
17.3 
36.2 
44.4 
46.0 
46.1 

1.5 


13 


14 


15 


16 


+  17  36 
+  19  14 
-27  .50 
-29  22 
+  3  27 
+  17  37 

-  8  46 
+  20  14 
+31  22 
-62  21 
+  11  54 

-  1  33 
-22  32 
-41  7 
+  21  44 
-61  4 
-34  50 
-39  3 
-12  53 
+69  18 
+67  56 
-20  43 
-17  47 

-  7     3 

-  5  29 
+  1  20 
+  7  32 
+61  38 
+45  59 
+  66 
+66  32 

-  2  16 

-  2  39 
-22  46 

-  6  41 
-33  5 
-27  52 
-59  27 
+26  11 
+39  18 
+  27  10 
-69  42 
+  14  40 
+31  44 
-20  51 
+  28  28 
+39  52 
+  15  26 
+50  46 


Md 
Md 
Md 
R8 
Md 
Nb 
Md 

Mc 
Md 
Md 

Nb 
Np 
Nb 
Md 
Md 
Na 
Nb 
Nb 
Md 
Na 

Mc 

Mc 

Md 

Np 

Md 

Pec 

Nb 

Md 

Np 

Mc 

Md 

Md 

Md 

Md 

Md 

Md 

Mc 

Md 

Md 

N 

Md 

Md 

Pec 

N 

Md 

Md 


.0004 
02 
48 
30 
66 
03 
31 
10 
12 
79 
03 
10 
13 
21 
15 
131 
13 
46 
24 
10 
06 
35 
52 
29 
54 

-  01 
25 

■   76 

-  04 

-  05 

-  08 
41 
06 
52 

-  07 
27 

-  46 

-  46 

-  06 

-  18 

-  16 
07 
02 
09 
24 
03 
38 
05 
33 


-.006  = 

-  .003 
-.063 
-.039 
+  .099 
-.004 
-.046 
-.014 
-.015 

-  .055 
-.004 
-.015 
-.018 
-.024 
+  .021 
-.095 
-.016 

-  .054 
+  .035 
-.005 

-  .003 
-.049 
-.074 
-.043 
-.081 
+  .001 
-.037 

-  .054 
+  .004 
+  .007* 
+  .005 

-  .062 
-.009 
-.072 
+  .010 
-.034 
-.061 
-.035 
+  .008 
+  .021 
-.021 
-.004 
+  .003 
-.011 
+  .034 
+  .004 
+  .044 
-.007 
+  .031 


.014 
OS 
14 
08 
21 
03 
12 

09 
03 
09 
14 
09 
09 

04 
06 
05 
09 
03 
03 

21 
22 
27 
12 
03 
13 
02 
03 
01 
11 
18 
03 
12 
06 
06 
05 
09 
12 
07 
01 
13 
08 

07 

12 


+  .019 

-  .005 
+  .006 

-  .005 
+  .103 
+  .005 
+  .012 

-  .005 
-.034 
+  .012 

-  .033 
-.026 
+  .001 

-  .025 
+  .010 
+  .065 
+  .015 
+  .003 
-.015 
-.018 
-.004 
+  .034 
-.020 

-  .052 
+  .068 
±.000 
+  .006 
-.010 
+  .010 
+  .007 
-.020 
-.020 
+  .076 
+  .004 
-.043 
+  .004 

-  .058 
-.012 
-.052 
-.050 
+  .015 
-.006 
+  .017 
-.022 
-.044 
-.018 
+  .005 
-.048 
+  .005 


.018 
09 
15 
09 
22 
03 
10 


07 
06 
14 
09 
10 

07 
07 
05 
07 
07 
10 

18 
22 
22 
12 
10 
18 
03 
08 
11 
10 
14 
04 
12 
07 
07 
09 
08 
13 
06 
04 
11 
09 

06 

11 


.020 

TT' 

.006 

W 

.063 

W 

.039 

W 

.143 

W 

.006 

W 

.048 

W 

.015 

N 

.037 

W 

.056 

W 

.033 

B 

.030 

W 

.018 

W 

.035 

w 

.023 

Y 

.115 

W 

.022 

w 

.054 

M' 

.038 

B 

.019 

W 

.005 

W 

.060 

N 

.077 

W 

.068 

w 

.100 

w 

.001 

w 

.038 

w 

.056 

w 

.011 

w 

.010 

w 

.021 

w 

.065 

w 

.077 

w 

.072 

F 

.044 

w 

.034 

w 

.084 

w 

.037 

w 

.053 

w 

.054 

w 

.026 

w 

.007 

w 

.017 

w 

.025- 

w 

.056 

Y 

.018 

B 

.044 

N 

.049 

W 

.031 

N 
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110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 


R  Herculis 

U  Serpent  is  .... 

V  Ophiuchi . 

S  Herculis 

RS  Scorpii 

RR  Scorpii 

R  Ophiuchi  .... 

T'  Pavonis 

R  Pavonis 

T  Herculis 

RX  Sculi 

R  Scuii 

S  Sculi 

T  Sculi 

V  Aquilce 

R  Aquilce 

RY  Sagill 

W  Aquilce 

B.  D.  +76°  734 
S.D.  -16°  5360 

R  Cygni  

UW  Sagilt 

X  Cxjgni 

<S  Pavonis 

RS  Cygni 

T  Microscop. .  .  . 

V  Aquarii 

U  Delphini  .... 

V  Aquarii 

T  Aquarii 

R  Vulpec 

T  Cephei 

T  Indi 

T  Capricorni  .  . . 

YY  Cygni 

W  Cygni 

S  Cephei 

P/  253 

U  Aquarii 

S  Aquarii 

R  Pegasi 

R  Aquarii 

19  Piscium 

TZ  Cassiop 

R  Cassiop 


16 


17 


18 


19 


1.7 

2.5 
21.2 
47.4 
48.4 
50.2 

2.0 
34.7 

3.3 

5.3 
31.7 
42.2 
44.9 
50.0 
59.1 

1.6 
10.0 
10.0 
25.1 
28.6 
34.1 
40.6 
46.7 
46.8 

9.8 
21.8 
39.1 
40.9 
41.8 
44.7 
59.9 

8.2 
13.6 
16.5 

18.6. 
32.2 
36.5 
37.8 
57.9 

22  51.8 

23  1.6 
38.6 
41.3 


20 


21 


+  18  38 
+  10  12 
-12  12 
+  15  7 
-44  56 
-30  25 
-15  58 
-57  40 
-63  38 
+31     0 

-  7  41 

-  5  49 

-  8     1 

-  8  18 

-  5.50 
+  85 
-33  42 

-  7  13 
+  76  23 
-16  35 
+49  58 
-18  24 
+32  40 
-59  27 
+38  28 
-28  35 

-  5  12 
+  17  44 
+  24 

-  5  31 
+23  26 
+68  5 
-45  26 
-15  35 
+41  58 
+44  56 
+78  10 
+35  3 
-17  6 
-20  53 
+  10  0 
-15  50 
+  2  56 

!  r,()  27 


Md 
Md 

N 

Md 

Md 

Md 

Md 

N 

Md 

Md 

N 

Pec 

N 

N 

N 

Md 

Pec 

N 

N 

Md 

N 

Mdp 

Md 

N 

Md 

Md 

Md 

Md 

Md 

Md9 

N 

Md 

Mc 

N 

Md 

Md 

Md 

N 

Mc 

Md 


+.0015 


+ 


+ 


+ 


02 
11 

84 
30 
14 
35 
09 
01 
02 
97 
43 
11 
26 
10 
03 
07 
00 
30 
20 
09 
02 
60 
07 
10 
04 
09 
03 
19 
10 
12 
86 
06 
04 
18 
73 
58 
01 
01 
108 
20 
02 
34 
05 
64 


+  .021 
+  .002 
+  .016 
-.122 
+  .032 
-.018 

-  .050 
-.007 
-.001 
+  .003 
+  .144 
-.064 
+  .016 
+  .038 
+  .015 
+  .004 
-.009 
±.000 
-.010 
+  .029 
-.009 
+  .003 
-.076 
-.005 
-.012 

-  .005 
+  .014 
+  .004 
-.028 
-.015 
+  .017 

-  .018 
+  .006 
+  .005 
+  .020 
+  .078 
+  .018 
-.001 
+  .001 
-.151 
-.030 
-.003 
-.051 
-.004 
+  .061 


±.008 


36 
10 
11 
12 
06 
08 
07 

05 
29 
22 
08 
13 
08 

01 

08 
08 

12 
06 
06 
06 

14 
11 
22 

08 

08 


34 

09 

29 

06 
03 

06 


-.013 
+  .049 
-.004 

-  .028 

-  .030 
-.017 
-.019 
-.056 
+  .025 
+  .010 
+  .001 

-  .033 
+  .012 
+  .062 
+  .009 
-.076 
+  .011 
-.018 

-  .009 

-  .006 
-.011 
+  .020 

-  .054 

-  .064 
-.011 
±  .000 
+  .035 
+  .008 
-.018 

-  .035 
-.005 
-.041 
-.004 
-.013 
-.024 
+  .004 

-  .003 

-  .006 
+  .020 
-.014 
-.023 

-  .006 

-  .020 
-.002 
-.010 


.008 


10 
13 
12 
11 
10 
16 
06 

04 

27 
23 
OS 
08 
08 

05 
08 
06 

10 
09 
07 
05 

15 
11 
19 
07 

09 


27 

09 

26 

07 
03 

09 


.025 
.049 
.016 
.125 
.044 
.025 
.054 
.056 
.025 
.010 
.144 
.072 
.020 
.073 
.018 
.076 
.014 
.018 
.013 
.030 
.014 
.020 
.093 
.064 
.016 
.005 
.038 
.009 
.033 
.038 
.018 
.063 
.007 
.014 
.031 
.078 
.018 
.006 
.020 
.157 
.038 
.007 
.0.54 
.004 
.062 


\^■ 

1' 

A' 
W 
W 

w 
w 
w 
w 
w 

N 
B 
W 
W 
W 

w 
w 

N 

W 
W 
B 
N 
B 
W 
W 
W 
Y 
W 
W 
W 
W 

s 
w 

Y 

N 
W 
N 
W 
Y 
W 
Y 
B 
B 
N 
W 


Only  three  stars  of  this  list,  o  Ceti,  Md,  Lo  Puppis, 
Md,  and  R  Orionis,  Pec,  R?,  have  proper-motions  exceed- 
ing 20"  per  century  and  that  of  only  one  other,  S  Aquarii, 
Md,  exceeds  15"  per  century.     Tlic  Class  N  stars  appear 


to  have  systematically  very  small  proi)or-inotions,  the 
four  determinations  resulting  in  motions  exceeding  6" 
per  centurj'  being  of  low  weight.  Inasmuch  as  the 
radial  motions  of  the  few  stars  of  this  class  which  have 
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been  observed  are  also  small,  it  would  appear  that  these 
stars  as  a  class  are  among  the  slowest  moving  members 
of  our  stellar  system.  The  mean  proper-motions  of  the 
different  classes  of  stars  are: 


Class 


No. 


Wt. 


Mc,  Md 

0.0559 

80 

89.7 

R 

.0477 

13 

11.5 

N 

.0266 

46 

57.8 

Unclas. 

.0385 

L5 

15.9 

Solutions  for  the  coordinates  of  the  solar  motion  re- 
ferred to  these  stars  give  the  values  shown  in  the  first 
two  lines  of  Table  II.  The  results  secured  by  Raymond^ 
from  stars  of  all  types,  by  Gyllenberg*  from  the  long 
period  variables  and  b}^  the  writer  from  Merrill's  line 
of  sight  observations  of  the  Md  stars^  are  given  in  the 
last  three  lines  of  the  same  table.  Considering  the 
number  of  stars  upon  which  most  of  the  solutions  are 
based  the  results  are  in  good  agreement. 


Table 

II 

A 

D 

M 

No. 

269.8 

-1-35.2 

0.0153 

154 

Wilson 

276.8 

-f26.4 

.0190 

80 

Wilson 

269.1 

-1-32.3 

.0.543 

5943 

Raymond 

270.9 

-1-22.5 

.0214 

42 

Gyllenberg 

271.2 

-t-21.2 

36.5  km. 

43 

Merrill 

The  coordination  of  the  solar  speed  derived  from  the 
radial  velocities  of  the  Md  stars,  T'  =  36.5  km.  per  sec. 
with  the  value  of  the  parallactic  motion  derived  from 
the  same  stars  indicates  a  mean  parallax  for  stars  of  this 
class, 

^Astronomical  Journal,  Vol.  XXX,  p.  197,  1917. 
^Publications  of  the  Detroit  Observatory,  Vol.  II,  p.  62,  1916. 


TTm  =  0".0025 

a  value  in  harmony  with  the  view  that  most  of  the 
brighter  stars  of  this  class  are  giants.  In  the  mean,  also, 
they  must  be  among  the  most  rapidly  moving  members 
of  our  stellar  system. 

A  solution  for  the  preferential  motion  of  the  151  stars 
iiaving  proper-motions  of  less  than  20"  per  century 
gives  for  the  directions  of  the  axes  of  the  velocitj^  ellipsoid 
and  the  mean  square  motions  along  the  axes. 


Ai  =  82.2 
.4.  =  250.3 
As  =  171.0 


A  =  4-18.3 
D.  =  +71.3 
Ds  =  -  3.6 


Xi  =  16.06 
Xj  =  7.89 
Xs  =    9.30 


O^ang  to  the  approximate  equality  of  the  velocities 
along  the  two  minor  axes,  their  directions  in  the  plane 
normal  to  the  direction  of  preferential  motion  are  some- 
what uncertain.  Nevertheless,  the  comparison  with 
other  results  given  in  Table  III  is  interesting.  Results 
are  quoted  for  those  classes  of  stars  approaching  rnost 
closely  the  characteristics  of  the  stars  under  discussion 
and  the  final  results  of  Raymond'  and  Gyllenberg' 
for  stars  of  all  types  derived  by  different  methods.  Con- 
sidering the  differences  in  material,  methods  and,  in 
most  cases,  the  small  number  of  stars  available,  the 
accordance  in  the  directions  of  the  axes  is  fair.  The 
apparent  reversal  of  the  axis  of  avoidance,  noted  by 
Raymond  in  comparing  his  results  with  those  of  Gyllen- 
berg and  Eddington  and  Hartley^  appears  in  the  re- 
sults from  the  red  stars.  This  may  be  due  to  any  one  or 
to  a  combination  of  a  number  of  causes  and  will  be  made 
the  subject  of  an  earlj^  investigation. 

^Meddelanden,  fran  Lands  Astronomisl;a   Observatorium,  Series  II, 

No.  13,  p.  35,  1915. 
^Monthly  Notices,  R.  A.  S.,  Vol.  LXXV,  p.  .521,  191.^). 


Table   III 

•ll 

D, 

Ai 

Di 

.1.. 

Ds 

X./Xi 

X3/X1 

No. 

Material 

Method 

.\uthority 

94 

+  25 

339 

+42 

205 

+37 

0.45 

0.12 

223 

.1/ 

Proper 

Raymond 

00 

8 

333 

77 

192 

-10 

.52 

73 

157 

Ko  —  M 

Radial 

Edd.  &  Hart 

69, 

14 

257 

76 

158 

+  2 

.89 

95 

571 

K  —  M 

Radial 

Gyllenberg 

82 

8 

250 

'  71 

171 

-   4 

.49 

.58 

151 

Md,  N,  R 

Proper 

AVilson 

80 

0 

348 

84 

170 

+  () 

.80 

.93 

462 

<5.0 

Radial 

Gyllenberg 

92 

4 

353 

65 

184 

+  25 

.52 

.34 

5384 

M  <  20" 

Proper 

Raymond 

84 

5 

336 

60 

177 

+30 

.72 

.89 

1526 

all 

Radial 

Gyllenberg 

92 

17 

299 

71 

185 

+  8 

.55 

.30 

5943 

all 

Proper 

Raymond 

93 

18 

319 

04 

189 

+  18 

.51 

.34 

445- 

all 

Real 

Raymond 
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Conclusions 

1.  Tlu>  proper-motions  of  the  Class  Md  stars  are  in 
general  small,  their  radial  motions  are  large;  apparenth\ 
therefore,  their  real  motions  are  large,  they  are  very 
distant  and  the  majority  of  those  listed  herein  nmst  be 
giants. 

2.  The  proper-motions  of  the  Class  A'  stars  are  in 
general  small,  the  radial  motions  of  the  few  that  have 
been  observed  are  also  small;    they  must  as    a    class, 


therefore,  be  numbered  among  the  more  slowly  moving- 
members  of  the  stellar  system. 

3.  The  red  stars  follow  the  general  tendencj-  of  the 
stars  of  other  spectral  t.ypes  in  preferential  motion 
toward  K.\pteyn's  vertex,  the  velocity  figure  approx- 
imating an  ellipsoid  of  revolution  slightly  flattened 
possibly  toward  a  plane  at  right  angles  to  tlio  Milky 
Way.  " 
Dudley  Observatory,  Jany.  IS,  1!)'22. 


PARALLAXES  OF  THIRTY-FOUR  STARS, 

DETERMINED  BY  PHOTOGRAPHY  WITH  THE  2t)-INCH  MCCORMICK  REFR.\CTOR, 

By    CHAS.    p.    OLIVIER. 


Measurement^  of  the  following  stars,  assigned  the 
writer  by  Diiector  S.  A.  Mitchell  and  forming  part  of 
the  regular  parallax  program  at  the  Lcander  McCor- 
mick  Observatory,  have  recently  been  completed. 
Their  relative  parallaxes  arc  given  in  the  table  below. 
The  serial  numi)ers  follow  those  published  m  A.  J.  778 
and  Vol.  Ill,  Publications  of  the  Leander  McCormick 
Observatory.  The  headings  of  the  columns  are  self- 
explanatory. 


Among  the  following  stars  are  11  components  of  9 
doubles.  Of  these  a  Fornacis,  4^^  Aurigm,  /3  208,  Lai. 
24652,  S  2434 A  and  Lai.  41363  show  parallaxes  of  some 
size.  The  components  of  Lai.  1661-2  appear  to  have  a 
common  proper-motion  in  right  ascension,  and  may 
hence  beasystem  of  the  6lCygnitype.  B.D.  —  11°,  2296, 
which  was  supposed  to  have  a  large  propcr-motionf, 
is  shown  to  have  a  very  small  one. 

t  Contribvitions  from  the  Mt.  Wilson  Observatory,  No.  96. 


No. 

Star 

R.  .v.  1900 

Dec).  1900 

i\lag. 
and  Sppct. 

/' 

Parall.'VX 
McCormick 

Spect. 
-0".005 

Prope 
Obs. 

r-motion 
Boss 

262 

5  Andromedcc .  .  .  . 

h      m 

0  34.0 

+  .30  19 

3.5  Ko 

0.162 

+  0.035  ±0.008 

+  0.024 

+  0.130 

+  0.1.38 

263 

Lai.  1661  

0  .53.2 

- 16  13 

7. 

+  0.006  ±0.009 

+  0.071 

264 

Lai.  1662 

0  53.2 

-16  13 

7.2  .. 

+  0.021  ±0.012 

+  0.072 

265 

Boss  556 

2  22.1 

+  9  45 

6.5  Go 

0.355 

+  0.022  ±0.009 

+  0.024 

+  0.303 

+  0.291 

266 

a  Fornacis 

3    7.8 

-29  23 

4.0  Fs 

0.726 

+  0.080  ±0.007 

+  0.078 

+  0.267 

+  0.327 

267 

W.B.  6",  128  .  .. . 

6    9.6 

+44  45 

8.6  Ko 

0.41 

+  0.024  ±0.007 

+  0.031 

+  0.270 

+  0.24.5a: 

268 

^*  Aurigw   

6  39.5 

+  43  41 

5.3  Go 

0.1.58 

+  0.048  ±0.008 

+  0.058 

+  0.024 

+  0.007 

269 

Lai.  13849 

7    4.2 

+  21  25 

6.5  G, 

0.510 

+  0.020  ±0.007 

+  0.037 

-0.168 

-0.1682- 

270 

W.B.  8^,  181   . .  . . 

8  12.0 

+  30  56 

8.6  Ks 

0.873 

+  0.045  ±0.008 

+  0.047 

-0.315 

-0.292a; 

271 

B.D.  -11°,  2296 

8  11.5 

-11  27 

9.3  .. 

[0.72] 

+  0.001  ±0.007 

-0.022 

272 

n.D.  -11°,  2299 

8  11.7 

-11  31 

9.1   .. 

S  -0.018±0.008 
)  -0.015  ±0.007 

+  0.001 
+  0.003 

a 

273     li.l).  -11°,  2300 

8  11.7 

-11  27 

9.3  K, 

^  -0.007  ±0.009 
1  -0.002  ±0.009 

-0.030 
-0.030 

a 

274 

B.D.  -11°,  2301 

8  11.7 

-11  32 

9.9  F5 

-0.010  ±0.007 



+  0.018 

275 
276 

j3  208 

8  34.8 

9  13.4 

-22  19 

+  18    8 

5.1  G,, 
6.6  Fs 

0.478 
0.180 

+0.047  ±0.008 
+0.019±0.010 

+  0.030 
+  0.019 

-0.249 
-0.116 

-0.23Qxb 
-0.115 

83  Cancri 

277 

K  Leonis 

9  18.8 

+  26  37 

4.6  Ko 

0.061 

-0.007  ±0.011 

+  0.017 

-0.008 

-0.031 

278 

Lai.  24652 

13  11.9 

+  17  34 

6.6  Ko 

0.691 

+0.062  ±0.007 

+  0.086 

+  0.637 

+  0.637.Tf 

279 
280 

14  21.8 
16    5.3 

+  52  19 
+36  45 

4.1  Fs 
4.9  Ko 

0.471 
0.325 

+  0.067  ±0.009 
+  0.029  ±0.012 

+  0.055 
+  0.033 

-0.264 
-0.029 

-0.238 
-0.060 

T  Cor  once  Bor.  . .  . 

281 

12  Ophiuchi 

16  31.1 

-   2    7 

5.9  Ko 

0.546 

+  0.049  ±0.007 

+  0.0S2 

+  0.476 

+  0.444 

282 

W.B.  16h,  906  . .  . 

16  50.1 

-   8    9 

9.2  Md 

1.234 

+  0.118±0.011 

+  0.146 

-0.815 

-0.858a; 

283 

A.Oe  17415  

17  37.0 

+  68  26 

9.5  Mb 

1.334 

+  0.1 93  ±0.005 

+  0.153 

-0.384 

-0.376a; 

284 

A.Oe  17419  

17  37.2 

+  68  27 

8.0  Fo 

-0.023  ±0.006 

+  0.003 

-0.023 
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No. 


Decl.  1900 


Mag. 
and  Spect. 


McCORMIfK 


Spect. 
-0".005 


Proper-motion 
Obs.  Boss 


285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 


Nova  Aquilw  3 

2  2434  .4    .... 

B       .  . 

3  Cygni 

y  Sagittm 

e  Delphini .... 
e  Aquarii  .  .  .  . 
T  Vulpeculce  . 
Lai.  41363  . .  . 
W.B.  21\  502 
Boss  5920  .  . . 


18  43.8 
18  57.6 

18  57.6 

19  21.3 

19  54.3 

20  28.4 
20  42.2 

20  47.2 

21  14.0 

21  24.5 

22  53.5 


+  0  28 

-  0  51 

-  0  51 
+  24  44 
+  19  13 
+ 10  58 
-9  52 
+  27  53 
-26  46 
-12  56 
+  8  50 


7.9  .. 

8.4  .. 
6.2  Fe 

3.7  Kg 
4.1  Bs 

3.8  An 
5.8  Fg 
6.6  Gg 
9.4  Ke 
7.0  Go 


0.14 

0.658 
0.062 
0.028 
0.044 
0.015 
0.665 
1.052 
0.420 


-0.008: 
+  0.051  = 

+  0.006: 

+  0.023: 

+  0.014: 

-0.009  = 
+  0.018  = 
+  0.015: 
+  0.041  = 
+  0.034  = 
+0.003  = 


=  0.007 
=  0.006 
=  0.011 
=  0.010 
=  0.007 
=  0.008 
=  0.009 
=  0.007 
=  0.009 
=  0.010 
=  0.011 


+  0.030 
+  0.018 


-0.002 
+0.058 
+0.061 
+0.023 


-0.018 
-0.026 
+  0.030 
-0.226 
+  0.056 
-0.004 
+  0.046 
+  0.027 
-0.574 
+0.990 
+0.381 


-0.186 
+  0.060 
+  0.009 
+0.028 

+o.ut;: 

-0.5  .. 
+  1.01^/ 
+  0.3!,„ 


a  Two  solutions  made,  2  comparison  stars  being  changed. 
b  Partly  measured  by  Miss  Darkow. 
c  Partly  measured  by  Miss  Hawes. 
.r  Proper-motion  according  to  Porter. 


Leander  McCormick  Obsermtory,  Uniiiersity,  Va., 
Jan.  6,  1922. 


ON  ABERRATION  AND  PARALLAX  IN  ORBIT  COMPUTATION, 

By  ERNEST  CLARE  BO^\'ER. 

[Communicated  by  Captain  W.  D.  MacDougall,  U.  S.  Navy,  Superintendent  of  U.  S.  Naval  Observatory.) 


The  annual  aberration  and  geocentric  parallax  may  be 
more  expeditiously  handled  in  orbit  work  than  is  com- 
monly done.  Let  axes  be  referred  to  the  mean  equator 
and  equinox  at  beginning  of  year  in  the  usual  way.     Let 

X     ,  y     ,  z      =  heliocentric  coordinates  of  object  at  true 

time  (observed  tune  —  light  time) , 
Xg.  Ye.  Ze     =  geocentric  coordinates  of  Sun  at  observed 

time, 
A  A'.  SY.  \Z  =  observer's  coordinates  of  center  of  Earth 

at  observed  time,  in  same  system  and 

units. 

Then  if  p,  a,  5  are  derived  from 

p  cos  5  cos  a  =  .r  +  A'e  +  AA' 
p  cos  6  sin  a  =  ;/  +  Y^  +  Al' 

p  sin  h  =  2  +  Zk  +  AZ 

p  is  the  distance  over  which,  and  a,  S,  the  direction  from 
which,  light  came  from  the  object  to  the  observer.  This 
a,  5,  is  called  "  astrographic "  (Greenwich  Observations 
1910,  and  following),  and  is  the  position  obtained  by 
using  mean  places  of  the  comparison  stars  in  reducing 
a  photographic  plate,  or  by  applying  Aa  and  AS  directly 
to  the  mean  place  of  the  comparison  star  in  a  visual 
observation.     However,  in  the  latter  case,  the  Aa  and 


A5  given  are  apparent  and  for  greater  accuracy  should 
be  corrected  for  differential  precession,  nutation,  and 
aberration,  but  this  is  usually  negligible. 

This  treatment  has  certain  advantages  and  apparently 
no  disadvantages,  (a)  It  is  not  peculiar  to  any  orbit 
method,  (b)  The  annual  aberration  is  fully  taken  into 
account  (Poincar-^,  B.  A.  1906,  174  and  Lick  Obs.  Pub.  7, 
246).  (c)  In  preliminary  orbits,  where  the  Sun's  co- 
ordinates are  interpolated  for  the  true  time,  this  time  is 
often  not  well  enough  known  to  avoid  more  than  one 
interpolation,  but  here  the  Sun's  coordinates  are  com- 
puted but  once  in  any  case,  (d)  The  reduction  to 
apparent  place  of  the  comparison  star  by  the  observer 
in  visual  observations,  and  the  reduction  to  mean  place 
of  the  object  hy  the  orbit  computer,  are  both  eliminated. 
(e)  The  computation  of  the  parallax  factors  is  omitted. 
In  its  place  we  have  (Chauvenet,  Spherical  and  Practical 
Astronomy,  Vol.  I,  120,  and  others) 

AA  =  4  cos  e 
AF  =  ^  sin  0 
AZ  =  D 
where     A  =  [2.86166«]  (pe  tt  cos  ^'Y 
D  =  [l.68557n]  (pe  ir  sin  ip')" 
6  =  local  sidereal  tune  of  observation. 
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.1  and  D  are  constants  for  each  obso-vatory  in  units  of 
7th  place.  Precession  in  AA',  Al',  AZ  will  not  amount 
to  .0000  005  in  50  years,  (f)  In  preliminary  oibits,  the 
distance  is  occasionally  so  imperfectly  known  that  the 
parallax  in  a  and  5  changes,  Init  AA'.  AV,  ^Z  are  obtained 
bat  once  in  any  case. 

It  is  desired  to  point  out  again  that  no  real  use  is  being 
made  of  the  reduction  to  apparent  place  of  the  comparison 


star  as  ordinarily  published  with  visual  observations. 
If  great  accuracy  is  wanted  a  differential  reduction  to 
mean  place  is  shorter  than  a  single  reduction  to  mean 
or  apparent  place  (^.A'.  160,  274;  Union  Obs.  Circ.  1, 
83,86;  ^.  J.  32,  48,  93). 

U.  S.  Naval  Observatory,  Washington,  D.  C, 
19BS,  Jan.  1$. 


OBSERVATIONS  OF   ECLIPSES  OF  SATELLITES  OF  JUPITER,    1921, 

WITH  THE  26-INCH  AND  12-INCH  REFRACTORS  OF  THE  U.  S.  NAVAL  OBSERVATORY, 

By   .\SAPH  hall   and   ERNEST   CLARE  BOWER. 
(Communicated  by  Captain  W.  D.  MacDougall,  U.  S.  Navy,  Superintendent.] 


G.  M.  T. 


Phen.  Seeing  Inst.  Power    Obs. 


Remarks 


:iai\><l^ 

!       18 

\  Feb.   24 
Mar.  23 


23 

28 

28 

Apr.      6 

Mav     S 


1921 

Jan.  18 
18 

Feb.  12 
12 


23  15  39 
17  43  48 
17  43  44 
21  39  16 
12  59  52 


12  59  41 
20  25  29 
20  25  41 
16  48  40 

13  25  31 


21  6  27 
21  6  8 
18  11  35 
18  1 1  32 


D 

vp 

26 

183 

Hl 

D 

f 

26 

183 

Hl 

D 

f 

12 

85 

B 

D 

f 

26 

183 

Hl 

R 

P 

26 

183 

Hl 

R 

P 

12 

85 

? 

II 

P 

26 

183 

Hl 

R 

vp 

12 

B 

R 

g 

26 

183 

Hl 

R 

f 

26 

1S3 

Hi, 

Satellite  I 

Late  0".5.     Windy. 

Uncertain.     Clouds. 

Late  P  ±  J^'.     Clouds. 

Disappearance  close  to  limb  of  planet. 

Late,  perhaps  2^     Probably  haze.     Clouded  immediately. 


Late  3'  ±  p.     Clouds?     Haze. 


Mar.  27      12  32  52      R 


D 

f 

26 

183 

Hl 

D 

f 

12 

85 

B 

D 

P 

26 

183 

Hl 

D 

P 

12 

85 

B 

R 

P 

26 

183 

Hl 

Eye  and  ear.     Windy.     Clouds; 
Late  5'  ±2'.     Haze. 
Haze. 
Late  1». 

Satellite  II 


Late  1'.     Perhaps  still  visible  8'=*=  later. 

Perhaps  early  2'. 

Late  l".     Suspected  still  visible  S-  later. 


Phen.:    D  =  disappearance  of  last  speck  of  light,  R  =  reappearance  of  lirst  speck  of  light. 
Seeing:  g  =  good,  f  =  fair,  p  =  poor,  vp  =  very  poor. 


U.  S.  Naval  Observatory,  WaMmjtoii,  I).  C, 
1921,  Dec.  19. 


CONTENTS. 
Thk  Proper-Motions  of   l-'A  Red  Star.s,  by  Ralph  E.  Wilson. 
Parallaxes  of  Thirty-four  Stars,  by  Charles  P.  Olivier. 

O.N  .\berr\tio.n  a.nd  Parallax  i.\  Orbit  Comput.wion,  by  Erne.st  Clare  Bower. 
Observ.\tions  of  Eclipses  of  Satellites  of  Jupiter,  1921,  by  Asaph  Hall  and  Ernest  Cl.\re  Bower. 

Editor,   Benja.su.n  Boss,   /vlbany,  N.  Y..    Assocute  Editors:    E.  E.    Baknakd,    Lknest   W.   Brown,   F.    R.   Moui.to.\    and   K.   S.    W\)odward. 

PUDLISHED    BY    THE    DUDLEY    OBSERVATORY,    ALBANY,    N.  Y..    U.  S.  A..    TO    WHICH    ALL    COMMUNICATIONS    SHOUI.D    BH    ADDRESSED.       PRICE    $5.00    THE    VOLUME. 

Press  of  Thos.  P.  Nichols  &  Son  Co..  Lynn,  Mass.    Closed,  Feb.  10. 1922. 


THE 


ASTEONOMICAL    JOUEIAL 


FOUNDED     BY     B. 


No.  797 


i"  v^D^Af^y 


^J^t*ft-25lfl?; 


VOL.  XXXIV 


ALBANY,  N.T„  1923,  MARCH  16 


,A    NO.  5 


^ 


^Tt'  OF  'TO'0 


THE   PARALLAXES   OF   FIFTY-SEVEN   STARS, 

By  MILDRED  BOOTH  and  FRANK  SCHLESINGER, 


The  determination  of  these  parallaxes  was  carried 
out  through  the  cooperation  of  several  institutions. 
The  photographic  plates  were  secured  at  Allegheny 
Observatory.  They  were  measured  and  reduced  at 
Yale  Observatorj^  under  a  grant  from  the  National 
Research  Council  to  the  Committee  on  Stellar  Par- 
allaxes of  the  American  Astronomical  Society.  The 
measuring  engine  was  purchased  several  j-ears  ago  by 
a  grant  from  the  Draper  Fund  of  the  National  Acad- 
emy of  Sciences.  This  paper  gives  merely  a  summary 
of  the  results;  the  full  details  are  in  press  as  a  Memoir 
of  the  National  Academv  of  Sciences. 


The  measurements  and  computations  were  per- 
formed by  Miss  Booth.  The  average  number  of 
plates  for  each  region  is  fifteen,  the  average  number  of 
comparison  stars  is  3.8,  and  the  average  probable  error 
of  a  parallax  is  ".0084.  This  last  quantity  is  very 
satisfactory  in  view  of  the  fact  that  almost  every 
object  in  the  list  is  one  of  more  than  average  difScultj-, 
either  because  the  star  is  double  or  for  some  other 
reason. 

The  number  assigned  to  these  stars  (470-526)  are  in 
continuation  of  those  assigned  to  other  parallaxes  de- 
termined from  Allegheny  plates. 


Xo. 


a  (1900) 


6(1900) 


Durchnnis- 
terung 
Nuiubcr 


Visual 
Magnitude 
I  and 

I     Spectrum 


Total 
Proper- 
Motion 


Relative  Parallax 

and 

Probable  EiTor 


470 
471 
472 
473 
474 
475 
476 
477 
478 
479 
480 
481 
482 
483 
484 

485 
486 

487 


2  16 

10  Arietis 

9  H  Camelopardis 

55  Tanri 

02  82 

Piazzi  256 

74  Orionis .  ...... 

Groombridge  1214 
0  Germnorum   .  .  .  . 

15  Lyncis 

Lalande  15394  .  . . 

7  Sextantis 

s"  Leonis 

7'  Leonis 

7^  Leonis 

Mean 

88  Leonis 

Lalande  21947    .  . 
61  Ursce  Majoris 


0  11 

1  58 

3  49 

4  14 

4  17 

5  48 

6  11 
6  37 
6  46 

6  49 

7  49 
9  47 

10  11 
10  14 

10  14 

11  27 
11  29 
11  36 


+  54  6 
-1-25  27 
-1-60  49 
-M6  17 
-1-14  49 
-F31  41 
-i-12  18 
+40  44 
+  34  5 
+  58  33 
+  19  31 
+  2  55 
+  23  55 
+  20  21 
+  20  21 

+  14  55 
+  37  22 
+  34  46 


53  31 
25  341 
60  768 
16  579 
14  690 
31  1139 
12  1084 
40  1696 
34  1481 
58  982 
19  1869 
3  2280 
24  2209 


20  2467 
15  2345 
37  2195 
35  2270 


7.5  A3 

5.7  r5 

5.0  KO 
6.9  GO 

7.1  GO 

5.8  A3 

5.1  F5 

6.9  Ma 

3.6  A2 

4.5  G5 
7.9  K2 
5.9  AO 

3.6  FO 
2.6  ... 
3.8    ... 

..   KO 

6.2  GO 

6.3  KO 
5.5  G5 


.17 

.14 

.017 

.10 

.10 

.20 

.21 

.17 

.05 

.13 

.47 

.20 

.027 

.34 

.35 

.38 
.18 
.39 


+  .012 
+  .021 
+  .010 
+  .043 

+.028 
+.021 
+  .039 
+  .005 
+  .021 
+  .005 
+  .031 
+  .003 
+  .006 
+  .004 
+  .018 
+  .009 
+  .026 
-.019 
+  .105 


.009 

10 

10 

6 

7 

5 

6 

7 

9 

6 

8 

9 

7 

11 

14 

9 

7 

12 


(31) 


32 
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No. 


Nainp 


oCWOO) 


5(1900) 


Durchnius 
terung 
Number 


Visual 
Magnitude 

and 
Spectrum 


Total 
Proper- 
Motion 


Relative  Parallax 

and 

Probable  En'or 


488 
489 

490 
491 
492 
493 

494 
495 
496 
497 

498 

499 
500 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 

513 

514 

515 
516 

517 
518 
519 

520 
521 
522 
523 
524 
525 
526 


44  Boiilis 

44  lioohK 

Mean 

i^  Serpenti-'^ 

i;  2052 

IX  Draconix 

/K  Draconis 

^Ican  

LnUmde  34406  .  . 
ireis.sc  1339    .  .  .  . 

1 1  Aquihv 

r  2481  DC 

1-  2481  .1    

^loaii    

Pitnzi  233 

0  Aquiliv 

Piozzi  306 

or  389 

Weisse  1190 

Weisse  1196 

-  ClJg^i 

27  Cygni 

Lalande  38613  .  . 
Groovibridge  3150 

1  Delphini 

K  Delphini 

7'  Delphini 

7-  Delphini 

Mean 

()Z  447 

02  447 

Mean 

01-  (App.)  226.  .  . 
or  (App.)  226.  .  . 

Mean 

Lalande  43751   . . 
Fedorenho  4220  . . 
Fedorenico  4222  . 

Mean 

02478 

a  Pegasi 

IT  Cephei 

70  Pegaxi 

72  Pegaxi 

X  Pisdum 

Anonymous  .... 


39 

24 

3 

3 


31 
45 
54 


19 
19 
19 
19 
19 
19 
19' 
20 
20 
20 
20 
20 
20 
20 


21 

36 

21 

36 

21 

51 

21 

51 

22 
22 
22 


22 
22 
23 
23 
23 
23 
23 


-f-48 
-f-4S 


+   2  50 

+  18  37 

+  54  36 

+  54  36 

+  34  20 
+  34  25 
+  13  29 
+  38  37 
+  38  37 

+  49  3 
+  10  10 
+  11  23 
+  30  53 
+  1  41 
+  1  41 
+  34  49 
+  35  42 
+  16  30 
+  66  32 
+  10  34 
+  9  44 
+  15  46 
+  15  46 


+41 

16 

+41 

16 

+  67 

38 

+  67 

38 

+  38  4 

+  72  22 

+  72  21 

+  38  56 

+  9  18 

+  74  51 

+  12  13 

+  30  46 

+  1  14 

+  1  7 


48  2259 

2  2989 

18  3182 


54  1857 
34  3239 
34  3326 
13  3841 


38  3466 
48  2922 

10  4073 

11  4019 
30  3779 

1  4134 
1  4135 

34  3798 

35  3959 
16  4166 
66  1281 
10  4303 

9  4600 


15  4255 
41  4224 
41  4225 

67  1370 
67  1372 

37  4560 
72  1050 
72  1051 

38  4855 
9  5122 

74  1006 

11  5009 

30  4978 

0  5037 


GO 
KO 
K3 


6.1 
5.3 

5.8 
7.1 

5.8  ... 

5.8  ... 

..  F5 

7.8  F8 
8.4  F5 

5.4  AO 
8.2  ... 
8.2  . .  . 

7.5  G5 
6.5  GO 
5.2  F5 
6.2  KO 

6.9  A5 
8.5  KO 
8.S  KO 

4.0  KO 
5.5  KO 
7.7  KO 

6.1  GO 
5.9  AO 

5.2  G2 
5.5  .  .  . 
4.5  ... 


8.1 
8.7 


G5 
KO 
KO 


9.6  A 
7.6  KO 


6.2  GO 

7.5  F5 

8.3  G 

6.1  K4 
5.3  FO 

4.6  G5 

4.7  KO 

5.2  KO 
4.6  A5 
10:  .. . 


.41 
.17 
.51 
.11 
.11 

.27 
.22 
.12 


.27 

.14 

.28 

.46 

.00: 

.30 

.29 

.05 

.49 

.17 

.56 

.020 

.32 

.20 

.21 


.00: 


.05 
.29 
.10 
.09 

.016 

.52 

.030 

.06 

.06 

.20 

.19 


+  .053 
+  .078 
+  .0f}3 
+  .01:; 
+.050 
+  .029 
+  .050 
+.039 
-.007) 
-.001 
+  .031 
+  .003 
-.0:0 
-.002 
+.003 
+.046 
+  .021 
+.021 
+.018 
+.049 
+  .007 
+  .022 
+  .01.J 
+  .050 
-.005 
+.014 
+  .019 
+  .021 
+  .020 
.000 

-  .002 
-.001 

-  .005 
-.019 
-.014 
-.013 
+  .034 
+  .032 
+.033 
+.003 
+  .028 
+.003 

.011 
+  .003 
+.027 
+.018 


.009 

9 

6 

8 

8 

13 

13 

9 

S 

9 

9 

6 

8 

.5 

6 

10 

10 

8 

11 

15 

5 

6 

7 

7 

11 

9 

() 

5 

4 

8 

5 

4 

9 


6 

10 

9 

7 

6 

9 

8 

9 

11 

12 

9 
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A  NEW  MEMBER  OF  THE  TAURUS  CLUSTER, 

By  GEORGE  C.  COMSTOCK. 


The  Taurus  moving  cluster,  first  discussed  bj'  L."  Boss 
and  subsequently  much  amended  by  others,  contains  one 
feature  that  persists  through  all  of  these  discussions,  viz.. 
the  small  range  of  magnitude  among  the  stars  considered. 
In  the  most  recent  of  these  discussions  Rasmuson,  Lund. 
Meddelanden,  Feries  II,  No.  2G,  the  adopted  magnitudes 
(Harvard)  for  42  stars  are  included  between  the  limits 
3.62  and  6.39.  The  additional  faint  member  of  the 
cluster  proposed  below  is  of  interest  in  that  it  considerably 
increases  this  range  of  magnitude  and  intrinsic  luminosity. 

I  have  show  n  in  Publications  of  the  ^Vashburn  Observa- 
tory, Vol.  XII,  p.  216,  that  a  faint  companion  of  a  Tauri 
possesses  a  considerable  proper-motion  and  more  recently 
I  have  revised  that  determination  with  added  and  im- 
proved data,  micrometer  comparisons  with  a  Tauri,  and 
find  for  the  centennial  motion  of  the  star  in  question, 
referred  to  the  Boss  system,  P.  C.  C, 

f,^  =  -f-10".0  ±0".24,  md  =  -• 1".0  ±0".21, 
or  in  polar  coordinates, 

e  =  111°.8   ±l°.2,  .s  =  10".7   ±0".2. 
The  position  of  the  star  in  que.stion  is 

a  =  4'-30">  15^  5  =  4-16°  20'.  1 
(1900.0)  and  its  photometric  magnitude  {Harvard  Annals 
64,  167)  is  10.59.     I  am  advised  by  Director  Shapley 
that  the   Harvard  photographic  magnitude  of  the  star 
indicates  a  color  inde.x  of  0.0  or  more. 


Adopting  Rasmuson's  determinations  of  the  con- 
vergent point  for  the  cluster,  its  mean  paralla.x  and 
linear  speed  relative  to  the  Sun,  viz.,  A  =  93°.2, 
D  =  -f-7°.0,  TT  =  0".0275,  0  =  41.2  km/sec,  I  find  that 
a  member  of  the  cluster  situated  at  the  point  a,  5,  above 
given  should  show  a  proper-motion  defined  by  the  ele- 
ments, 0  =  107°.4,  s  =  10".70.  The  relation  employed 
in  deriving  s  from  the  elements  above  defined  is 

.s  =  [1.324]  TT  12  sin  X 

where  X  denotes  the  angular  distance  of  the  star  from  the 
convergent,  in  this  case  26''.5.  The  discordance  between 
the  observed  and  the  computed  values  of  0  and  s  falls 
well  within  what  might  be  expected  from  the  character 
of  the  data  involved,  and  their  approximate  agreement, 
together  with  the  circumstance  that  the  star  is  placed 
almost  at  the  visible  center  of  the  cluster  seem  to  leave 
little  doubt  of  a  physical  connection.  The  range  of 
luminosities  within  the  group  must  therefore  be  in- 
creased from  2.8'"  to  7.0"'  i.  e.  from  a  13-fold  to  a  600-fold 
ratio  of  the  brightest  to  the  faintest  star  j^et  detected. 

Details  of  the  determination  of  this  proper-motion 
are  contained  in  Vol.  XIV,  Publications  of  the  Washburn 
Observatory,  now  in  press. 

Washburn  Observatory, 
January,  1922. 


OBSERVATIONS  DE  PLANETES  ET  DE  LA  COMETE  TEMPEL  II   (1920a), 

FAITES    A    l'oBSERVATOIRE    DE    BESAN^ON,    EQUATORIAL  COUDE    DE   0"'..33   d'oUVerturC, 

Par  M.  p.  CHOFARDET. 


T^  i               T.  m. 
"^'''         Besan^on 

J  \.l\. 

JD.P. 

Cp. 

.\.R.  :ipp.       1  loa;  f.p. 

D.P.  app. 

leg  f.p. 

Red.  au  j. 

* 

1920                     h       m       s 

(3)  Juno 

h       111       s 

Juin      7  1  10  23  14 

+  2  58.91 

-f-   2    2.2 

9,12  1  13  54  45.86  1  9.197 
(8)   Flora 

88    7  29.4  1  0.798/i 

-1-2.89  !  +   9.8 

1 

Fevr.  19 

9  34  20 

-0  53.12 

+   1  53.7 

9,  6 

6  16  20.00 

9.134 

65  39  30.2 

0.548/i 

-1-2.39 

+  6.3 

2 

23 

8  54    1 

-M  24.10 

+  2  54.4 

9,  6 

6  17  57.16 

8.942 

65  30    9.4 

0.536n 

+  2.2.Z 

+  6.2 

3 

24 

8  48  48 

-hi  53.43 

-1-  0  43.5 

9,12 

6  18  26.47 

8.921 

65  27  58.5 

0.535n 

-f-2.31 

-1-   6.2 

3 

25 

9  16    6 

-1-2  25.50 

-    1  25.5 

9,12 

6  18  58.53  1  9.151 

65  25  49.4 

0.535/1 

-h2.30 

+   6.1 

3 

(10)  Hygeia 

Janv. 22 

10  11  19 

4-1    8.69 

-13    6.2 

9,  6 

4  42  19.61 

9.238 

66    0  35.1     0.563/i 

-F2.30 

+    1.1 

4 

23 

10  59.47 

-1-2  30.40 

-    1  36.0 

9,12 

4  42    3.90 

9.415 

66    2  15.1    0.595/1 

-1-2.28 

+  0.9 

5 

24 

10  40  25 

-1-2  16.75 

-   0    4.0 

9,12 

4  41  50.24 

9.374 

66    3  47.1     0.586/1 

-1-2.27 

+   0.9 

5 

34 


THE     ASTRONOMICAL     JOURNAL 


N°-  797 


Dates 


T.  111. 
Bcsan^oii 


J  D.P. 


("p. 


.\.R.  epi- 


log f.p. 


D.P.  !ipp. 


log.  f.p. 


RM.  au  j. 


F6vr. 


Nov.     9 

D^c.    13 

14 


Janv. 23 
24 

F6vr.  18 
19 


8  46  19 

9  32  46 
8  57  22 


12  20  48 
6  36  55 
6  59  29 


9  52  15 
9  19  57 
8  47  40 
8  27  43 


+  1  15.06  '  -  1  22.5 
+ 1  53.49  j  -  0  29.2 
+2  13.97     -   0    8.3 


+  2  13.42 
+  1  4.78 
+   1  1.47 


+  0  40.95 
-0  10.64 
-3  33.47 
-2  10.86 


-  5  58.8 
-11  45.2 

-  9  38.1 


Mai 

10 

Juin 

7 

8 

10 

11 

10  23    6 

11    4  17 

10  30  34 

10  43  15 

10  39  43 

+0  21.94 

+  3  27.59 

+  3  54.79 

+0  39.10 

+  1  1L90 

Oct. 


Nov. 


5  I  10  23  55 

13     10  47  45 

9     10  39  28 


-2  14.89 
-0  40.38 
+  2    9.90 


Janv. 23 
24 


10  20  55 
10  13  22 


+  1  33.21 
+  1  56.68 


5  19.8 
3  51.8 


il.    20  I  13    4  14  1  +2  .58.77     +   3 


Oct. 


10 

31 

3 

9  43 

17 

11 

3 

52 

10  19  .58 

10 

9 

5 

+  2    2.67 

+  1  11.22 

+  2  12.25 

+  1    8.76 

+  1  13.82 

F6vr.  16 

18 
19 


10  28  .58 
10  16  50 
10  21  40 


+1 

2.89 

-0 

10.07 

-1 

.58.72 

(10)   Ilygeia  {Continued) 

9,  6 
9,  9 
9,  9! 


4  42  49.58 

9.289  i 

4  43  27.98 

9.448 

4  43  48.44 

9.363 

9,12 
9,  6 
9,  6 


(30)  Urania 
2  40  9.43 
2  19  43.91 
2  19  40.59 

(44)  A^(y.so 


+  3  .52.0 

9,  6 

+   3  29.1 

9,  6 

+  7  11.4 

9,12 

-   0  16.2 

9,  9 

3    3    0.55 

9.458 

3    3  48.64 

9.394 

3  31  57.19 

9.480 

3  33  19.78 

9.443 

(51)  N  em  ansa 


+ 

3  46.3 

8,  6 

+ 

5  24.7 

9,12 

+ 

8  41.5 

9,12 

- 

4  21.1 

9,  6 

- 

0  34.2 

9,  6 

12  51  59.07 

8.892 

12  55    4.52 

9.477 

12  55  31.72 

9.419 

12  .56  .34.00 

9.4.59 

12  57    6.80 

9.4.58 

4  17.1 

9, 

9 

1    4.5 

9, 

6 

4  32.6 

6, 

8 

(56)  Melete 
1  12  36.64 
1     5  55. 
0  49  11.84 


9.277« 
8.937?i 
9.053 


Nov.     9      9  42  10  '  -2  37.34  '  +   1  48.9      6, 


(69)   He^peria 

I  22    5  48.47  |  9.440 


(76)  Freia 
9,  6  I  3  29  29.00 
9,  6  I     3  29  .52.46 


9.472 
9.464 


(79)   Eurynome 
9,12  I  21  15  30.18  I  8.482rt| 


-11  44.2 

9,12 

-   7  12.7 

9,12 

+  2  36.4 

9,  9 

+    1  46.1 

9,  9 

+   6  39.1 

9,  9 

+  8    1.7 

9, 

6 

-12  10.5 

9, 

6 

-    7    8.9 

9, 

9 

(91)  Acgina 
0  25  20.81 
0  24  29.37 
0  21  ■48..50 
0  17  37..58 
0  16    2.20 

(97)  Cloiho 
8  31  57.31 
8  30  43.51 
8  30    8.43 


9.025n 
9.246»i 
S.179n 
8.704W 
8.726/1 


8.562n 
8.62  In 
8.396n 


66  26  50.2 

0.476n   +1.95 

+    1.4 

66  27  43.5 

0.610«    +1.92 

+    1.4 

66  28    4.5 

0.590«    +1.90 

+    1.5 

9.013 

70  13  23.3 

0.614« 

+  5.00 

-17.9 

9.366?) 

72  33  52.2 

0.669n 

+4.87 

-19.8 

9.281 « 

72  35  59.4 

0.659« 

+4.86 

-19.7 

76  54  48.0 

0.726rt 

+  1.60 

-    0.8 

76  48  55.0 

0.715« 

+  1.59 

-   0.6 

74    1    7.6 

0.705/( 

+  1.43 

+   1.0 

73  53  40.0 

0.698n 

+  1.41 

+    1.0 

86  14    5.6 

0.783n 

+  2.76 

+  14.3 

86  15  41.8 

0.791n 

+2. .56 

+  12.1 

86  18  58.5 

0.789n 

+  2.!56 

+  12.0 

86  25  .54.0 

0.790n 

+  2.57 

+  11.7 

86  29  40.8 

0.794?( 

+  2.57 

+  11.6 

82  .54  44.2 

0.760« 

+4.32 

-23.8 

84    9  10. 

0.766n 

+4.35 

-24.5 

87  26  24.7 

0.792?i 

+4.25 

-24.8 

72  44  38.2    0.690»    +1.80     - 

-    1.0 

72  43  10.2    0.6S8/(    +1.79     - 

-    1.0 

87  25  31.2 

0.792?i 

+4.22 

-26.5 

87  30    2.7 

0.794« 

+4.23 

-26.5 

87  44  10.9 

0.794« 

+4.23 

-26.7 

88    6    4.2 

0.797r( 

+  4.22 

-26.8 

88  14  20.6 

0.798n 

+  4.22 

-26.7 

79  .50  20.9 
79  30  8.8 
79  20    4.9 


0.724« 
0.721W 
0.722/( 


+  2.51 

+  2..57 
+  2.57 


+  15.3 
+  15.4 
+  15.5 


98  25  .54.3  i  0.848/1    +3.49     -24.5     17 


98    2    6.8    0.860«    +3.77     -21.6     19 
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Dates 

T.  m. 
Besan^on 

J  X.K. 

JD.P. 

Cp. 

.\.R.  app. 

log  f.p. 

D.P.  app. 

log  f.p. 

Red. 

au  j. 

* 

I'.l! 

Juin 

0 

8 
10 
11 

14 

ll         111         s 

11     0  16 
11  22  18 
11     2  55 
11     6  18 

-2  23.18 
+  1  17.24 
+  1  10.52 
+  0  59.41 

+    1  45.7 

-  3  16.7 

-  2    7.0 

+  2    7.8 

9,12 
9,  6 
9,  6 
9,  6 

(116)   Sironc 

U  ri6!oo 

14    0  57.99 
14    0  51.26 
14    0  40.14 

9.332 
9.413 
9.375 
9.413 

100  48  17.6 
100  50  15.5 
100  51  25.1 
100  55  39.8 

0.864n 
0.858n 
0.862n 
0.859n 

+  3J5 
+  3.12 
+3.11 
+  3.10 

+  12.4 
+  12.6 
+  12.5 
+  12.4 

26 
27 
27 

27 

Fevr 

19 
23 
24 
25 

10  56    1 
9  37  22 
9  14  .53 
9  38  50 

-0  31.37 
+  1  59.57 
+  1  23.61 
+  0  47.49 

-  2    0.2 

+  2  52.8 

-  4  14.5 
-11  28.6 

9, 

9, 
9, 

6 
6 
6 
6 

(173)  lno 
8  36  22.64 
8  33  46.53 
8  33  10.56 
8  32  34.84 

8.394 
8.922n 
9.060« 
8.811r! 

76  29    7.0 
75  59  50.4 
75  52  43.1 
75  45  29.0 

0.694« 
0.685« 
0.686« 
0.681n 

+2.60 
+2.59 

+  2.58 
+  2.58 

+  15.2 
+  15.0 
+  15.0 
+  15.0 

28 
29 
29 
29 

Fevr 

24 
25 

9  52  18 
10    7    1 

+  2  59.23 
+  2  20.72 

+  3  59.5 
-    1    9.0 

(190)  Isniene 
9,12     10  14  32.90 
9,12     10  13  54.40 

9.333re 
9.268n 

82  44  48.8 
82  39  40.4 

0.761n 
0.758n 

+2.61 
+2.62 

+  17.6 

+  17.7 

30 
30 

Mars  20 
22 

9  46  46 
10  13     1 

- 1  23.48 
-3    7.44 

+  3  32.9 
-  4  14.5 

(192)   N'ausicaa 
9,  6    10  50  31.05    9.092n 
9,12    10  48  47.08    8.794n 

83  27    5.7 
83  19  18.2 

0.761n 
0.758?i 

+2.66 
+2.65 

+  18.4 
+.18.3 

31 
31 

Nov. 
Dec. 

9 
17 
14 

11  50  27 

12  0  26 
6  32  13 

+  0  17.37 
+  0  53.60 
- 1  58.88 

-   6    2.2 
-10  56.4 
+  9    2.6 

6, 
9, 
9, 

( 
6 
6 
9 

203)  Pompei 
2  29  42.99 
2  22  44.75 
2    9    6.18 

7 

8.822 
9.186 
9.337?i 

70  45    7.4 

71  15  58.1 

72  35  56.3 

0.617n 
0.633n 
0.665» 

+4.97 
+4.96 

+4.82 

-18.5 
-19.5 
-20.5 

32 
33 

34 

Juin 

14 

10  32  15 

-0  25.64 

-    6  43.2 

12, 

(221)  Eos 
9  j  16  25  49.81 

8.585n 

96    9    2.3 

0.850?; 

+3.54 

+  0.5 

35 

Oct. 

8 

10  35  17 

+  1  32.15 

—  7  57.1 

9, 

(308)   Polyxo 
9  1    Oil  31.74 

8.676n 

89  26  10.0 

0.807// 

+  4.20 

-26.9 

36 

Oct. 
Nov. 

8 
13 
15 

9 

9  57  33 

9  38    1 

9  25  33 

10  11  57 

+  1  34.49 
+  2  31.84 
+  1  17.13 
-0  40.01 

+  4  14.9 
+  8  33.8 
+  11  56.7 
+  8  11.0 

9, 
6, 
9, 
9, 

6 
8 
6 
6 

(385)  Ilmatm 
23  24  21.38 
23  20  56.56 
23  19  41.84 
23  10  57.01 

8.494?i 
8.400n 
8.489n 
9.351 

88  48  14.8 

88  57  49.4 

89  1  12.3 
89  15  21.2 

0.802n 
0.803n 
0.804n 
0,806« 

+4.08 
+4.07 
+4.06 
+  3.80 

-28.3 
-28.3 
-28.3 
-27.6 

37 
38 
38 
39 

Mai 

10 

10  53  28 

-4    6.06 

-8  44.8 

(485)  Ge7ixia 
9,12  j  13  21    7.62 

8.903 

92  24  20.3 

0.827n 

+  2.95 

+  14.2 

40 

Nov. 

9 

11  12  46 

+  5    7.37 

-   8  26.1 

9, 

(487)   Veneiia 
8   1  0  27  14.36 

9.316  1 

103  22  22.9 

0.875m 

+  4.00 

-22.2 

41 

Mai 

10 
11 

9  40  39 
9  30  18 

+  2  33.63 
+  2  49.90 

-  7  25.8 

-  6  48.8 

(554)   Peraga 
9,12     11    5  59.51 
3,  4     11    6  15.77 

9.260 
9.235 

88  12  35.5 
88  13  12.5 

0.798n 
0.798n 

+  2.31 
+2.30 

+  17.6 
+  17.6 

42 
42 

Dec. 

14 

5  59.20 

+  2  22  28 

+  4  33.7 

(690)    Wratislav 
9,12  I    0  22    9.98 

ia 
9.953n 

77  18  29.4 

0.700n 

+  3.95 

-27.5 

43 

36 
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J  A.R. 

J  D.I' 

1 
1  1             A.R.  app.         log  f.p. 

D.P.  app. 

log  r.p. 

RiSd.aui. 

* 

(925)  Alphonsina 

IMO                  li      m       « 

Mars  20      9    7  2o 

+  2  20.60 

-  4  47.7 

9,12    -7  25  21.41 

9.221       74  26  42.3    0.677/)    +2.06     +11.8    44 

22      9  24  r,i\ 

4-1  .")(). 07 

-   6     1.6 

9,  6      7  26    7.42 

9.315       74  37  41.7    0.682?i    +2.03     +11.9    45 

C'omc^tc 

1902  a  (p(5riodique  Tevivel  II) 

Juil.    20 

13  46  50 

-2  20.82 

-   6  35.8 

9,  6 

1  52  45.75 

9.553?t     91  16  55.4 

0.815n 

+  2.38     -15.0 

4G 

20 

14  25  14 

-2  17.14 

-   6  30.8 

9,  6 

1  52  49.43 

9.507«     91  17    0.4 

0.81 6« 

+  2.38     -15.0 

46 

21 

14    0  20 

-   2  7.10 

+   2  49.7 

9,  6 

I  55  11.83 

9.530)/      91  18  54.1 

0.815w|  +2.40  1   -15.0  |  47 

Positions  des  etoiles  de  Comj. 

yaraison  pour  1920.0 

* 

A.  R.  moy. 

D.  P.  app. 

Autoiite.s 

• 

A.  R.  moy. 

D.  P.  app. 

Autorites 

1 

h     m       s 

13  51  44.06 

88°   5  17.4 

A.  ('.  Albany 

4822 

25 

h     m      s 

8  32    4.58 

79  26  58.3 

A.G.Leipzig  I     3470 

?, 

6  17  10.73 

65  37  30.2 

rap.  a  6toi\c  3 

26 

14  3    36.03 

100  46  19.5 

A.  G.  Harvard      4981 

3 

6  16  30.73 

65  27    8.8 

A.  G.  Berlin  B. 

2323 

27 

13  59  37.63 

100  53  19.6 

A.  G.  Harvard      4961 

4 

4  41    8.62 

66  13  40.2 

rap.  a  dtoile  5 

28 

8  36  51.41 

76  30  52.0 

A.  G.  Leipzig  I     3505 

5 

4.39  31.22 

66    3  50.2 

A.  G.  Berlin  B. 

1509 

29 

8  31  44.37 

75  56  42.6 

A.G.Leipzig  I     3466 

6 

4  41  32.57 

66  28  11.3 

A.  G.  Berlin  B. 

1515 

30 

10  11  31.06 

82  40  31.7 

A.G.  Leipzig  II  5410 

7 

2  37  51.01 

70  19  40.0 

A.  G.  Berlin  A. 

729 

31 

10  51  51.87 

83  23  14.4 

A.  G.  Leipzig  II  5632 

8 

2  18  34.26 

72  45  57.2 

A.  G.  Berlin  A. 

659 

32 

2  29  20.65 

70  51  28.1 

rap  A  Stoile  A.  G.  Berlin.A   692 

9 

3    2  18.00 

76  50  56.8 

rap.  a  ^toile  10 

33 

2  21  46.19 

71  27  14.0 

A.  G.  Berlin  A       .673 

10 

3    3  57.69 

76  45  26.5 

A.  G.  Leipzig  I 

936 

34 

2  11    0.24 

72  27  14.2 

A.G.  Berlin  A.      629 

11 

3  35  29.23 

73  53  55.2 

A.  G.  Berlin  A. 

985 

35 

16  26  11.91 

96  15  45.0 

Abbadia                 5115 

12 

12  51  34.37 

86  10    5.0 

8  Vierge 

36 

0    9  55.39 

89  34  34.0 

A.  G.  Nicolajew.       22 

13 

12  55  52.33 

86  30    3.4 

A.  G.  Alhanij 

4614 

37 

23  22  42.81 

88  44  28.2 

A.  G.  Albany        8077 

14 

1  14  47.21 

82  59  25.1 

A.  G.  Leipzig  11 

465 

38 

23  18  20.65 

88  49  43.9 

rap.  a  etoile  37 

15 

1    6  37 

84  10  39 

B.  D.  +5° 

151 

39 

23  11  33.22 

89    7  37.8 

A .  G.  Nicolajew    5798 

16 

0  46  57.69 

87  41  22.1 

.4.  G.  Albany 

216 

40 

13  25  10.73 

92  32  50.9 

A .  G.  Strasbourg  4859 

17 

22    8  22.32 

98  24  29.9 

A.G.Wien-Ottak-. 

7958 

41 

0  22    2.99 

103  31  11.2 

A.G.  Harvard           73 

18 

3  27  53.99 

72  39  19.4 

A.  G.  Berlin  A. 

943 

42 

11    3  23.57 

88  19  43.7 

rap  A  6lcile  A.  G.  Albany  4196 

19 

21  12  27.64 

97  59  23.4 

A.G.Wien-Ottal.: 

7638 

43 

0  19  43.75 

77  14  23.2 

A.  G.  Leipzig  I         99 

20 

0  23  13.92 

87  37  41.9 

A.  G.  Albany 

81 

44 

7  22  52.75 

74  31  18.2 

A.G.  Berlin  A.     2845 

21 

0  19  32.02 

87  42     1.2 

A.  G.  Albany 

67 

45 

7  24  14.42 

74  43  31.4 

A.G.  Berlin  A.     2854 

22 

0  16  24.60 

88    4-44.9 

rap  a  etoilo  23 

46 

1  55    4.19 

91  23  46.2 

,4.  G.  Nicolajew      393 

23 

0  14  44.16 

88    8    8.2 

A.  G.  Albany 

48 

47 

1  57  16.53 

91  16  19.4 

A .  G.  Nicolajew      401 

24 

8  30  51.91 

79  42    3.9 

A .  G.  Leipzi.j  I 

3455 

>ul(nix.      (554)   Peraga, 


*  32  -  A.  G.  Berlin  A    692  :  A  A.  R.  =  +2'"    5\73  ;  A  D.  P.  =   -  12'15".6 

*  42  -  .4.  G.  Albany    4196  :AA.  H.  =  +1     27  .72  ;  A  D.  P.  =   -    \    40  .3 

REMARQUES 
Plan6tes.  —  (385)  Ilmaiar,  Oct.   15,  la  fin  de  I'obscrvation  s'acheve  par  un  cic 

Mai  11,  le  ciel  se  couvre. 

Comete  p6riodiquc  Ternpel  II.     Juil.  20,  la  Cometc,  estimee  de  lie  grandeur,  a  unc  conden.sation  assez  mal 

d6finie  situ6e  au  S.  W.  de  la  chevelurc,  laquelle  semble  s'allonger  a  I'oppose  sur  1'  a  r.5  d'^tendue. 

Observatoire  de  Besani;on, 
1921,  dicembre  IS. 
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SUNSPOT   OBSERVATIONS, 

MADE  AT  BERWYN,   PENN.,  WITH  A  4J^-INCH  REFRACTOR, 

By    A.    W.    QUIMBY. 


1921 

Total 

o 

1921 

Tdtal 

o 

1921 

o 

T 

)!al 

c 

E 

i 

o 

D. 

b 

t 

1 

z 

o 

S. 

Q 

i 

z 

O 

1 

£ 

Q 

July     1 

11 

3 

5 

47 

fair 

Aug.  20 

7 

2 

10 

fair 

Oct.     4 

-. 

fair 

2 

7 

- 

5 

66 

fair 

21 

7 

2 

4 

8 

2 

fair 

5 

- 

- 

- 

fair 

3 

7 

- 

5 

34 

fair 

22 

7 

- 

4 

8 

2 

fair 

6 

- 

- 

1 

fair 

4 

7 

- 

3 

25 

fair 

*23 

7 

- 

2 

4 

1 

fair 

7 

- 

- 

- 

_ 

fair 

5 

7 

- 

3 

35 

fair 

*24 

7 

- 

2 

8 

- 

fair 

8 

1 

1 

1 

2 

poor 

6 

7 

- 

2 

44 

fair 

*25 

7 

- 

2 

12 

1 

fair 

9 

- 

- 

- 

- 

poor 

7 

7 

- 

2 

46 

fair 

*26 

7 

- 

1 

10 

■- 

fair 

10 

1 

1 

1 

1 

fair 

8 

7 

1 

3 

42 

fair 

*27 

7 

- 

2 

14 

1 

fair 

11 

- 

1 

1 

1 

fair 

9 

7 

1 

4 

26 

- 

fa'ir 

*28 

7 

- 

2 

14 

1 

fair 

12 

1 

2 

6 

- 

fair 

10 

7 

0 

4 

13 

0 

poor 

*29 

7 

- 

2 

10 

- 

fair 

13 

- 

2 

4 

- 

fair 

12 

6 

1 

4 

13 

3 

fair 

*30 

7 

- 

1 

5 

- 

fair 

14 

1 

2 

1 

- 

fair 

13 

11 

- 

4 

13 

3 

fair 

*31 

7 

1 

2 

3 

1 

fair 

15 

- 

1 

1 

fair 

14 

7 

- 

2 

13 

2 

fair 

Sept.    1 

10 

1 

2 

2 

1 

fair 

16 

_ 

1 

1 

fair 

15 

6 

- 

1 

7 

- 

fair 

2 

8 

- 

1 

1 

1 

fair 

17 

- 

1 

_ 

fair 

16 

6 

- 

1 

7 

1 

fair 

3 

7 

2 

2 

5 

1 

fair 

18 

- 

1 

- 

fair 

17 

6 

- 

1 

7 

1 

fair 

4 

7 

- 

- 

- 

- 

fair 

19 

- 

1 

_ 

fair 

18 

6 

- 

1 

2 

- 

fair 

5 

7 

- 

- 

- 

- 

fair 

20 

- 

1 

- 

fair 

19 

12 

- 

1 

1 

- 

poor 

6 

10 

- 

- 

- 

- 

poor 

21 

- 

1 

1 

fair 

20 

6 

2 

5 

1 

fair 

7 

7 

- 

- 

- 

- 

fair 

22 

- 

1 

- 

fair 

21 

6 

1 

2 

2 

fair 

8 

7 

- 

- 

- 

- 

fair 

23 

2 

3 

35 

1 

fair 

22 

6 

- 

1 

1 

1 

fair 

0 

7 

- 

- 

- 

- 

fair 

24 

- 

3 

61 

2 

good 

23 

6 

1 

3 

1 

fair 

10 

7 

- 

- 

- 

- 

fair 

25 

- 

2 

47 

1 

fair 

24 

6 

- 

- 

- 

- 

fair 

11 

7 

1 

1 

9 

- 

fair 

26 

_ 

2 

38 

1 

fair 

25 

6 

1 

2 

1 

fair 

12 

12 

1 

2 

8 

1 

fair 

27 

_ 

2 

28 

1 

fair 

26 

6 

2 

16 

1 

fair 

18 

7 

- 

2 

8 

1 

fair 

28 

_ 

2 

14 

1 

fair 

27 

6 

- 

2 

13 

1 

fair 

14 

7 

- 

2 

6 

2 

fair 

29 

- 

2 

8 

1 

fair 

28 

6 

- 

2 

20 

- 

fair 

15 

7 

1 

2 

6 

1 

fair 

30 

4 

- 

1 

2 

- 

fair 

29 

6 

- 

1 

10 

- 

poor 

16 

7 

- 

2 

6 

- 

fair 

31 

2 

- 

1 

1 

- 

poor 

30 

6 

- 

1 

27 

1 

fair 

17 

5 

- 

2 

4 

- 

fair 

Nov.     1 

4 

- 

1 

1 

1 

fair 

31 

6 

- 

1 

20 

- 

fair 

IS 

7 

1 

3 

11 

- 

fair 

3 

_ 

- 

_ 

_ 

fair 

Aug.     1 

6 

- 

1 

13 

- 

fair 

19 

7 

- 

3 

6 

1 

fair 

4 

_ 

- 

_ 

_ 

fair 

4 

6 

- 

1 

6 

1 

fair 

20 

7 

- 

2 

8 

- 

fair 

5 

_ 

- 

_ 

_ 

fair 

5 

6 

- 

1 

2 

1 

fair 

22 

7 

- 

2 

2 

- 

fair 

6 

_ 

- 

- 

_ 

fair 

6 

6 

- 

- 

- 

- 

fair 

23 

7 

- 

2 

3 

1 

fair 

7 

- 

- 

- 

- 

fair 

7 

8 

- 

- 

- 

- 

fair 

24 

7 

1 

3 

7 

2 

fair 

8 

- 

- 

- 

_ 

fair 

8 

6 

- 

- 

- 

- 

fair 

25 

7 

- 

8 

- 

fair 

10 

_ 

- 

_ 

_ 

fair 

9 

6 

- 

- 

- 

1 

fair 

26 

7 

- 

8 

- 

fair 

11 

7 

_ 

_ 

- 

_ 

fair 

10 

6 

- 

- 

- 

- 

fair 

27 

7 

1 

5 

- 

poor 

13 

7 

1 

1 

1 

1 

fair 

11 

6 

1 

1 

6 

- 

fair 

28 

7 

1 

11 

- 

fair 

15 

7 

- 

1 

4 

- 

fair 

12 

6 

- 

1 

1 

- 

poor 

29 

7 

1 

13 

2 

fair 

16 

7 

- 

1 

4 

- 

fair 

13 

6 

1 

2 

3 

2 

fair 

30 

7 

- 

- 

- 

1 

fair 

17 

10 

- 

1 

4 

- 

poor 

14 

6 

- 

1 

1 

- 

poor 

Oct.      1 

7 

- 

- 

- 

- 

fair 

18 

7 

2 

3 

6 

2 

fair 

15 

6 

- 

1 

1 

- 

fair 

2 

7 

- 

- 

- 

- 

fair 

19 

10 

1 

4 

10 

1 

fair 

16 

6 

1 

2 

2 

- 

fair 

3 

7 

- 

- 

- 

- 

poor 

20 

4 

- 

4 

10 

1 

poor 

18 

6 

1 

3 

17 

3 

fair 

*With  2 

"  ref 

ract 

or. 

22 

9 

- 

3 

16 

1 

fair 

19 

7 

- 

2 

18 

- 

fair 

23 

9 

- 

3 

25 

1 

fair 
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Total 

c 

Total 

v> 

Tctal 

? 

1921 

o 

o 

1921 

o 

o 

1921 

o 

o 

r 

o 

B 

Z 

O 

s 

£ 

s 

E 

z 

■c 

o 

X 

Ci. 

& 

B 

P 

2 

2 
O 

1 

(2 

Q 

Nov.  25 

8 

3 

21 

1 

good 

Dec.     9 

10 

_ 

_ 

_ 

poor 

Dec.  20 

8 

_ 

3 

23 

1 

fair 

26 

8 

- 

3       6 

- 

fail- 

10 

9 

1 

1 

4 

1 

poor 

21 

10 

- 

2 

8 

- 

poor 

29 

12 

- 

1 

4 

- 

poor 

11 

12 

1 

2 

14 

1 

poor 

22 

8 

1 

2 

12 

- 

fair 

30 

12 

- 

1 

1 

1 

poor 

12 

4 

- 

2 

18 

1 

pool- 

23 

10 

- 

1 

4 

- 

poor 

Dec.     1 

8 

- 

- 

- 

- 

fair 

13 

4 

- 

2 

25 

- 

poor 

25 

4 

- 

1 

2 

- 

poor 

2 

12 

- 

- 

- 

- 

fair 

14 

4 

- 

1 

40 

- 

poor 

26 

8 

1 

2 

1 

fair 

3 

8 

- 

- 

- 

- 

fair 

15 

12 

- 

1 

40 

- 

poor 

27 

8 

1 

2 

5 

1 

fair 

4 

8 

- 

- 

- 

poor 

IG 

9 

1 

2 

44 

1 

poor 

28 

8 

- 

1 

2 

- 

fair 

5 

8 

- 

- 

- 

- 

poor 

17 

8 

- 

2 

41 

- 

poor 

29 

4 

- 

- 

- 

- 

fair 

6 

8 

- 

- 

- 

- 

poor 

18 

8 

1 

3 

48 

2 

poor 

30 

8 

- 

- 

- 

- 

fair 

7 

8 

- 

- 

- 

- 

poor 

19 

8 

- 

3 

12 

1 

poor 

31 

1 

- 

- 

- 

- 

fair 

8 

2 

- 

-  1    - 

- 

poor 

THE   PARALL,\XES  OF  THREE   WOLF-RAYET   STARS, 

By    LAURA    E.    HILL. 


At  the  request  of  Dr.  V.\n  jNIaaxex,  three  Wolf- 
Rayet  stars  were  placed  on  the  parallax  program  of  the 
Dearborn  Observatory,  with  the  results  as  here  given. 
The  parallaxes  of  B.  D.  35°  (4001)  and  B.  D.  35°  (4013) 
were  determined  from  nineteen  plates,  extending  from 


September  1916  to  Octolicr  1920,  using  nine  comparison 
stars.  The  parallax  of  B.  D.  36°  (3956)  was  obtained 
from  sixteen  plates  extending  from  September  1916  to 
April  1921,  using  eight  comparison  stars. 


Star 

B.  D.  35° (4001) 
B.  D.  35°  (4013) 
B.  D.  36° (3956) 


a 

5 

Mas. 

Rol.  Pimillax 

20"    6' 

35°  53' 

8.5 

+  0".006  ±0".010 

20      8 

85    .-i4 

8.0 

+  0   .052  ±0   .012 

20    11 

36   2! 

7.8 

+  0   .025  ±0   .010 

Rcl.  n^ 

-0".002  ±0".005 
+  0  .008  ±0  .006 
+  0   .005  ±0   .005 


Other  determinations  of  the  i)arallaxcs  for  these  stars  have  been  published  as  follows: 


Van-   M.VAXiiN   7?. /;.  3.5°  (4001)  +0".011   =±=0".005;    Contributions  of  Mt.  Wilson 
B.  D.  35°  (4013)  +0   .002  ±0   .003  i    Observatory,  Xo.  136 
B.  1).  36°  (3956)   -0  .005  ±0  .006  Xo.  1.58 


Kaptevn    B.  I).  35°  (4001)  +0".00  J 

B.  D.  35°  (4013)  +0".03  \  Adronomische  Nachrichten  3475 
B.  D.  36°  (3956)  -fO  .09) 


Dearborn  Observatory, 
11,  January,  1922. 


C  ()  X  T  i;  X  T  s . 

The  Parallaxes  of  FiFTy-=SEVEN  Stars,  by  Mildred  Booth  and  Frank  Schlesinger. 

A  New  Member  or  the  Tarus  Cluster,  by  George  C.  Comstock. 

Observations  de  Planetes  et  de  la  Co.mete  Tempel  II  (19'20a),  p.\r  M.  P.  (tjof.vrdet. 

SuNSPOT   OBSERVA-nONS,    BY-   A.    W.   QUI.MBY'. 

The  P.utALLA.XES  OF  TiiuF.K  Wolf-Rayet  Stars,  by  L.\ur.\  R.  Hill. 

EniTOK.  Benjamin  Boss.  Albany.  N.  Y.;  Associate  Editors;  E.  E.  Barnard,  Ernest  W.  Brown,  F.  R.  Moui.ton  and  R.  S.  Woodward 
Published  by  the  Dudley  Obser\  atory.  Albany.  N.  Y.,  U.  S.  A.,  to  which  all  Communications  Should  Be  Addressed.  Price  $5.00  the  Volume 
Press  of  Thos.  P.  Nichols  &  Son  Co..  Lynn,  Mass.     Closed.  .March  7. 1922. 
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OBSERVATIONS  OF   THE   SATELLITES   OF   SATURN,    1910-11, 

WITH  THE  26-INCH  REFRACTOR  OF  THE  U.  S.  NAVAL  OBSERVATORY,  ^ 

By  ASAPH   H.VLL. 

[Communioated  by  Captain  W.  D.  MacDougall.  U.  S.  Navy,  Superintendent,  U.  S.  Naval  Observatory. 


Date 

W.  M.  T. 

l> 

W.  M.  T. 

s          Comp. 

Seeing 

Power  and 
Ilium. 

Remarks 

Mi7nas-Tethys 

1910  Sept. 

12 

13  23  23 

198.89 

13  24  58 

12.42 

4,4 

2 

388,  Red 

26 

14    8  34 

91.26 

14    9  35 

67.28 

4,4 

2-3 

388,  Brt 

Mimas  very  faint. 

Oft. 

17 

11  35  39 

77.74 

11  40    5 

63.80 

4,5 

2 

388,  Brt 

[to  finish. 

18 

11    9  23 

198.35 

11  18  55 

6.43 

2,1 

2 

388,  BIk 

Moonlight.     Too  close  to  planet 

MimaS'Rhea 

1910  Oct. 

17  !  10  50  35  1  185.71  [  10  47  30 

22.22  1  4,4  1     2     |  388,  Brl    \  Mi.mns  very  faint.       Mooiilisiht . 
Enceladtts-Tethys 

1910  Sept 

12 

14  12  27 

253.19 

14  11  11 

63.18 

4  ,4 

2 

388,  Red 

12 

14  47    9 

250.18 

14  49  53 

57.44 

4  ,4 

2 

388,  Brt 

16 

13  14  20 

251. G6 

13  14  52 

43.27 

4,4 

2 

388,  Brt 

Moonlight. 

22 

12  22  47 

105.97 

12  26    1 

64.76 

4,4 

2-3 

388,  Brt 

Moonlight.     Clouds. 

29 

13  38  43 

144.96 

13  37  28 

14.38 

4,4 

2-3 

388,  Brt. 

Oct. 

1 

12    8  40 

264.26 

12  11  30 

58.10 

4,4 

3 

388,  Brt 

5 

11  54  23 

249.29 

11  54  29 

8.56 

4,4 

2-3 

388,  Brt 

10 

11  18  23 

305.24 

11  19  17 

5.46 

4,4 

3-4 

388,  Brt 

Nov. 

19 

10  30  25 

271.15 

10  31    9 

13.37 

4,4 

3 

388,  Brt 

25 

10    6    8 

250.50 

10    4  40 

36.59 

4,4 

3 

388,  Brt 

Dec. 

9 

8  58  42 

83.94 

9  13  22 

10.67 

2,2 

2-3 

388,  Brt 

Enceladus  too  faint  to  finish. 

17 

8    5  50 

277.70. 

8    6    0 

72.27 

4,4 

2 

388,  Brt 

1911  Jan. 

6 

7    0  47 

90.62 

7    3  41 

77.59 

4,4 

3-4 

388,  Brt 

Tethys-Dione 

1910  Sept 

7 

13  10  21 

331.46 

13  10  28 

18.62 

4,4 

4 

388,  Brt 

9 

14  54    3 

162.11 

14  50  29 

18.28 

4,4 

3-4 

388,  Brt 

15 

13  14  55 

98.81 

13  16  41 

44.61 

4,4 

3-4 

388,  Brt 

17 

12  11  11 

160.20 

12  12    3 

34.73 

4,4 

2-3 

388,  Brt 

Moonlight.     Haze. 

29 

14  44    0 

53.57 

14  47  44 

50.91 

4,4 

2-3 

388,  Brt 

Haze. 

(39) 


40 
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Date 


Nov. 


1910   Oct.       1 


Dec.  25 
1911  Jan.      4 

G 


W.  M.  T. 


W.  M.  T. 


Comp. 


Seeing 


Power  and 
Ilium. 


Remarks 


12  48  41 

87.92 

1 1  24  M 

304.14 

12  37  11 

267.47 

12  3  3 

95.42 

8  42  2r, 

275.30 

8  12  35 

91.01 

8  15  7 

270.55 

8  48  46 

284.10 

12  51  30 

11  25    3 

12  38  35 
12    4  57 

8  43    2 


Tethys-Dione  {Continued) 

388,  Brt 
388,  Brt 
388,  Brt 
388,  Brt 


8  14  13 
8  17  27 

8  51  29 


73.22 

4  ,4 

3 

52.04 

4,4 

3 

106.86 

4,4 

4 

104.57 

4,5 

3 

98.14 

4,4 

3 

84.60 

4,4 

3 

93.53 

4,4 

3 

07.00 

4  ,  4 

3-4 

388,  Brt 

388,  Brt 
388,  Brt 
388,  Brt 


Faint.      Haze.     Clouded. 


Tetlu/s-Hhea 


Sept 

7 

9 

15 

17 

29 

Oct. 

1 

Nov 

18 

25 

26 

Dec. 

25 

13  31  55 

169.83 

15  37  28 

282.17 

13  54  35 

244.20 

12  52  38 

93.37 

14  11  41 

127.36 

13  34  16 

59.12 

9  40  25 

233.45 

10  43  27 

304.73 

8  54  41 

258.41 

9  3  41 

89.08 

13  32  36 
15  36  30 

13  55  3 

12  52  40 

14  11  23 

13  35  35 


10  45  56 

8  54  54 

9  7  59 


19.92 

4,4 

4 

75.37 

4,4 

3-4 

74.58 

4,4 

3-4 

84.06 

4,4 

3 

22.61 

4,4 

2-3 

68.97 

4  ,  4 

3 

2,0 

3 

60.34 

4  ,  4 

3 

80.72 

4  ,4 

3 

110.34 

4  ,4 

3 

388,  Brt 
388,  Brt 
388,  Brt 
388,  Brt 
388,  Brt 

388,  Brt 
388,  Brt 
!,  Brt 
i,  Brt 
388,  Brt 


Clouded. 


Dione-Rhea 


1910  Sept. 


Oct. 


15 

16 

28 

1 

5 
10 
11 

Nov.  18 
19 

26 
Dec.    13 


12  46  33 

166.95 

14  25  59 

255.67 

15  25  39 

101.95 

12  28  27 

280.08 

11  12  34 

11.11 

10  48  28 

95.70 

11  47  45 

84.16 

11  42  43 

3.26 

8  21  14 

124.81 

11  6  53 

77.01 

9  21  5? 

250.18 

10  2  37 

46.77 

12  47  23 

14  25  59 

15  24  32 
12  28  31 
11  13  15 

10  49    7 

11  48  16 
1 1  44    5 

8  21  50 
11  10    4 

9  22  23 
10    4  15 


36.33 

4,4 

4 

113.92 

4,  4 

4 

118.33 

4,4 

3 

110.50 

4,4 

3-4 

33.25 

4  ,4 

3 

120.48 

4  ,4 

3 

28.88 

4  ,4 

3-4 

24.52 

4  ,  4 

4 

62.04 

4,4 

3 

71.01 

4  ,4 

3-4 

57.69 

4  ,4 

3 

37.90 

4,4 

3-4 

388,  Brt 
388,  Brt 
388,  Brt 
388,  Brt 
388,  Brt 

388,  Brt 
388,  Brt 
388,  Brt 
388,  Brt 
388,  Brt 

388,  Brt 
388,  Brt 


1910  Sept. 


15 


13  59  29 

37.912 

14  36  40 

36.025 

13  28  24 

330.810 

14  6  2 

332.289 

12  36  21 

214.171 

Rhea-Tilan 


14  0  7 

89.74 

4,4 

4 

14  36  6 

86.84 

-»  ,  4 

4 

13  29  13 

37.43 

4  ,  4 

3-4 

14  5  41 

37.00 

4  ,  4 

3-4 

12  36  5 

43.56 

4,4 

3-4 

388,  Brt 
388,  Brt 
388,  Brt 
388,  Brt 
388,  Brt 
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Date 

W.  M.  T. 

P 

W.  M.  T. 

« 

Comp. 

Seeing 

Power  and 
Ilium. 

Remarks 

Rhea-Titan  (Cont 

inued) 

1910  Sept. 

16 

14     0    8 

237.087 

14    2  17 

71.29 

4  ,  4 

3 

388,  Brt 

16 

14  39  57 

236.856 

14  41  47 

72.02 

4,4 

3 

388,  Brt 

20 

13    4  28 

85.387 

13    5  51 

217.06 

4,4 

3 

388,  Brt 

Moonlight. 

20 

13  49    2 

85.044 

13  52    2 

213.48 

4  ,4 

3 

388,  Brt 

22 

13  11     4 

83.737 

13  11  38 

123.53 

4,4 

3 

388,  Brt 

Clouds. 

26 

15    2     1 

279.688 

15    2  25 

205.22 

4,4 

2-3 

388,  Brt 

28 

12    1  29 

272.220 

12    2    6 

108.24 

4  ,4 

3-4 

388,  Brt 

Oct. 

1 

10  16  57 

244.157 

10  18  57 

163.59 

4  ,4 

3-4 

388,  Brt 

a 

10  20  24 

108.993 

10  22  45 

101.85 

4  ,  4 

3 

388,  Brt 

10 

10  33     1 

327.049 

10  34  49 

47.28 

4  ,  4 

3-4 

388,  Brt 

11 

10  55  20 

9.945 

10  56    8 

37.17 

4,4 

4 

388,  Brt 

12 

11  20  19 

321.130 

11  27  38 

75.34 

4,4 

3 

388,  Brt 

16 

10  24  18 

234.331 

10  26    9 

77.01 

4  ,4 

3-4 

388,  Brt 

Windy. 

17 

12  45  54 

240.373 

12  47  58 

60.10 

4  ,  4 

2 

388,  Brt 

18 

10  38  51 

240.714 

10  41  32 

90.55 

4,4 

2 

388,  Blk 

Moonlight. 

20 

11  58  45 

107.. 593 

12     1  51 

211.71 

4  ,  4 

3-4 

388,  Brt 

Moonlight. 

20 

12  46     1 

106.928 

12  45  39 

215.38 

4  ,4 

3-4 

388,  Brt 

Nov 

17 

8  30    5 

238.323 

8  31  46 

63.92 

4  ,4 

4 

388,  Brt 

Clouded. 

26 

9  55  55 

72.568 

9  57  18 

178.53 

4,4 

3 

388,  Brt 

Dec. 

9 

9  52  17 

92.750 

9  52    3 

277.89 

4,4 

2-3 

388,  Brt 

13 

9    5  30 

45.679 

9    6  41 

43.25 

4,4 

3 

388,  Brt 

21 

8    6  39 

226.111 

.8    8  13 

85.39 

4,4 

3 

388,  Brt 

27 

8  33    2 

84.377 

8  35  45 

204.52 

4,4 

2 

388,  Brt 

29 

7  50  43 

333.456 

7  50  28 

78.98 

4,4 

3-4 

388,  Brt 

Clouded. 

30 

7  24  58 

286.063 

7  26  41 

153.42 

4  ,  4 

3 

388,  Brt 

1911     Jan 

10 

8  24  46 

90.555 

8  24  58 

272.97 

4  ,  4 

2-3 

388,  Brt 

Haze.     Clouds. 

16 

7  55  57 

288.814 

8    0  29 

172.27 

4  ,  4 

2-3 

388,  Brt 

Titan-Hyperion 

1910  Sept 

26 

12  12  13 

244.844 

12  12  38 

125.08 

4-,  4 

2 

388,  Red 

Hyperion  very  taint. 

27 

12  41  19 

220.203 

12  42  52 

73.46 

4  ,4 

2-3 

388,  Red 

28 

11    7  43 

171.910 

11     9     1 

53.38 

4  ,4 

3-4 

388,  Red 

Hyperion  very  faint. 

Oct. 

5 

12  37  53 

133.760 

12  39  46 

34.01 

4  ,  4 

3 

388,  Red 

Hyperion  very  faint. 

Titan-JapetvN 

1910  Sept 

22 

13  58  32 

325.346 

13  58  56 

165.26 

4  ,4 

3 

388,  Brt 

22 

14  50  51 

325.069 

14  54    3 

164.14 

4,4 

3 

388,  Brt 

24 

11  28  24 

330.861 

1 1  27  58 

108.54 

4,4 

3 

388,  Brt 

Clouds. 

24 

12  15  58 

331.275 

12  23  42 

107.37 

4  ,4 

3 

388,  Brt 

Clouded. 

26 

13    9    8 

8.144 

13  10  47 

83.19 

4,4 

2 

388,  Brt 

27 

13  31  34 

12.842 

1331     4 

89.90 

4,4 

2-3 

388,  Brt 

Clouds. 

28 

11  36  12 

1.793 

1 1  36  35 

96.13 

4,4 

3-4 

388,  Brt 

'■") 

13     7    9 

3.34.650 

13    9  47 

117.52 

4,4 

2-3 

388,  Brt 

Japetus  very  ft.  Clouds. 

Haze. 
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Date 

\V.  M.  T. 

P 

W.  M.  T. 

.s 

Comp. 

Seeing 

Power  and 
■Ilium. 

Remarks 

Titan-Japetus  (Continued) 

1910    Doc. 

9 

10  44  15 

323.092 

10  58    8 

207.77 

2  ,  2 

2-3 

388,  Bit 

Japetus 

too  faint  to  finish. 

13 

8  26  11 

306.563 

8  27  23 

123.30 

4  ,  1 

2  3 

388,  Brt 

Haze. 

17 

8  57  22 

317.919 

9    0  20      98.40 

4  ,4 

2 

388,  Brt 

21 

8  51  36 

279.134 

8  53  36    414.62 

4  .  5 

3 

388,  Brt 

1911  .Ian. 

-t 

8  46  28 

252.571 

I 

2  .  0 

3 

388,  Brt 

Driving 

clock  stopped. 

U) 

8  38  24 

176.274 

8  41     9  i  192.51 

4  .  4 

2-3 

388,  Brt 

Titan-Japetus 


Date                   \V.  M.  T.             Aa 

AS 

Comp. 

Seeing 

Power  and 
Ilium. 

Remarks 

1910  Sept.  12 

Oct.    17 

18 

20 

15  23  48 
13  53  54 
12    0  33 
11    9  57 

+42.940 
-31.515 
-35.344 
-42.068 

+  198.55 
-116.23 
-118.55 
-144.61 

/24  ,  8 
«30  ,  10 
<27,    9 
130  ,  10 

2-3 
2 
2 
2 

388,  Brt 
388,  Brt 
388,  Blk 
388,  Brt 

Japetus  very  faint.     Clouded. 

[Poor  observation. 
Moonlight. 

("onip.:  t  =  transits. 

Seeing:  2  =  good,  3  =  fair,  4  =  poor. 

Power  and  Ilium.:  Blk  =  black  wires,  Brt  =  bright  field,  Red  =  red  wires. 

Clark  II  micrometer  used  before  1910  Nov.  6.     Value  of  one  revolution 

=  9".9329  +  0".0000  525  (f  -  50°F.)  +0".0255  (l'"-.28Cr'-  focal  scale). 
"Warner  and  Swasey  micrometer  used  after  1910  Nov.  6.     Value  of  one  revolution 

=  10".5752  (for  /  =  32°F.  and  focal  scale  =  3'"M70). 
U.  S.  Naval  Observatory.  Washinglon,  D.  C,  1022,  Feb.  J,. 


ON   PROGRESSIVE   CHANGES  IN   LATITUDE, 

By    frank   SCHLESINGER. 


In  a  recent  Bulletin  of  the  Department  of  Geologj^' 
of  the  University  of  California,  (No.  7,  Volume  12), 
Professor  Lawson  calls  attention  to  an  apparent  in- 
crease in  the  latitude  of  Ukiah,  the  California  station 
of  the  International  Latitude  Service.  This  is  pro- 
gressive in  character  and  amounts  to  nearly  0".01  per 
annum.  Professor  L.\avson  was  led  to  examine  these 
latitudes  in  his  search  for  evidence  for  or  against  his 
elastic  rebound  theory  of  earthquakes.  Such  a  creep 
at  Ukiah  and  a  similar  one  at  the  Lick  Observatory,  to 
which  he  calls  attention,  would  be  strong  corrobora- 


•  This  paper  lias  since  been  printed  in  the  Journal  of  the  Wa.sh- 
ington  Aeademy  of  Sciences,  Volume  12,  page  2(S,  under  the 
title.  "The  Latitude  of  Ukiah  and  the  Motion  of  the  Pole." 


tion  of  this  theorj'.  In  a  paper*  read  at  the  recent 
meeting  of  the  American  Astronomical  Society 
(Swarthmore,  December  30,  1921),  Mr.  Walter  D. 
Lambert  of  the  U.  S.  Coast  and  Geodetic  Survey, 
examined  the  data  for  all  six  of  the  international 
stations  and  found  that,  wdth  the  exception  of  the  one 
in  Japan,  all  showed  this  progressive  increase.  He 
suggests  that  the  effect  maj^  be  partly  due  to  erroneous 
proper-motions,  and  partly  to  a  progressive  change  in 
the  position  of  the  pole. 

The  observations  at  the  international  stations  were 
reduced  with  the  use  of  proper-motions  computed  for 
these  stars  bj'  Dr.  Fritz  Cohn  (Centralbureau  der 
Internationalen  Erdmessung,  Neue  Folge  der  Ver- 
offcntlichungen,  No.  2,  Berlin  1900)  from  an  examina- 
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tion  of  all  star  catalogs  published  up  to  that  time.  The 
systematic  corrections  and  weights  used  are  those  of 
AuwERS.  This  note  is  concerned  with  an  inquiry  con- 
cerning the  changes  that  would  be  introduced  into  the 
computed  latitudes  if  Boss's  sj'stem  of  declinations 
and  proper-motions  had  been  used  instead  of  Auwers'. 
There  are  several  ways  in  which  we  may  proceed. 
The  most  direct  is  to  form  the  differences  in  proper- 
motion  for  those  stars  in  the  observing  program  that 
are  also  to  be  found  in  Boss'  Preliminary  General 
Catalog.  The  utility  of  this  procedure  depends  upon 
the  number  of  stars  common  to  both  lists,  and  upon 
the  accordance  of  the  differences.  From  an  examina- 
tion of  the  material  it  appears  that  nearly  half  the 


latitude  stars  are  in  the  Preliminary  General  Catalog, 
and  that  the  differences  run  smoothly. 

The  international  observing  program,  which  is  the 
same  for  all  of  the  stations,  includes  192  stars.  Most 
of  these  culminate  near  the  zenith.  The  original  list 
(which  was  afterwards  modified  in  this  respect),  con- 
tained 24  pairs  of  stars  at  large  zenith  distances,  the 
object  being  to  check  the  refraction  from  night  to 
night.  As  systematic  corrections  to  circumpolar  stars 
are  apt  to  be  different  from  the  average  of  the  others, 
I  omit  from  this  discussion  the  24  northern  compon- 
ents of  these  refraction  pairs.  Of  the  remaining  168 
stars,  78  are  found  in  the  Preliminary  General  Cat- 
alog.    The  taljle  below  gives  the  individual  differences. 


P.  G.  C 

No. 

CoHN 
minus 

P.  a.  c. 

P  G.  C. 

No. 

CoHN 

minus 
P.  G.  C. 

P.  Cr.  C. 

No. 

COHX 

minus 
P.  G.  C. 

P.  G.  C. 

No. 

CoHN 

minus 
P.  G.  C. 

P.  G.  C. 

No. 

CoHN 

mijius 
P.  G.  C. 

66 

+  .010 

1146 

-.010 

2409 

+  .025 

3518 

+  .012 

4980 

-.001 

154 

0 

1234 

+  10 

2430 

-   1 

3552 

+  14 

5035 

+  12 

231 

+  35 

1275 

+  11 

2447 

+  14 

3931 

+  11 

5141 

+   7 

270 

0 

1315 

+   7 

2626 

+   G 

3969 

+  22 

5170 

+  15 

298 

-  12 

1393 

—   7 

2684 

+  14 

4021 

—   5 

5267 

+  17 

434 

+   8 

1520 

+   7 

2728 

+  14 

4270 

+   5 

5378 

+  13 

480 

+   6 

1564 

+  21 

2744 

+   5 

4307 

+  12 

5549 

+   5 

536 

+  13 

1615 

+   5 

2765 

+  22 

4343 

+  17 

5567 

0 

620 

+  14 

1658 

-   2 

2852 

+  16 

4434 

+  11 

5669 

+   4 

729 

+  13 

1692 

+  12 

2926 

+  16 

4480 

+  12 

5724 

+   2 

761 

+   7 

1901 

+  20 

2940 

+  23 

4494 

+   5 

5834 

-   9 

845 

-t-  23 

1952 

+  12 

2964 

+   9 

4601 

+  11 

5858 

+  10 

873 

+   6 

1986 

+  14 

3138 

+  24 

46.53 

-   8 

5887 

-   7 

950 

+  18 

2079 

+   4 

3233 

+  16 

4781 

+  .  5 

6034 

_   2 

970 

+   5 

2101 

—   5 

3279 

+   4 

4912 

+  10 

1027 

+   8 

2220 

-   1 

3432 

+  11 

4942 

+   7 

The  mean  of  these  differences  gives: 

Cohn    nuniis    Preliminary  General    Catalog 
-  +  ".0087   ±  ".00068 

This  probable  error  was  derived  mereh'  from  the  dis- 
cordance of  the  separate  differences.  It  must  not  be 
taken  as  an  indication  of  the  accuracy  of  the  proper- 
motions  since  both  authorities  use  much  the  same 
list  of  catalogs  with  much  the  same  weights;  it  merely 
indicates  how  competent  78  cases  are  to  determine 
the  difference  between  the  two  systems  of  proper- 
motions. 

A  difference  in  systems  of  proper-motion  implies  a 
difference  in  the  adopted  constants  of  precession,  since 


the  latter  cannot  be  determined  without  making  an 
assumption  as  to  the  totality  of  proper-motions.  We 
do  not  need  to  concern  ourselves  with  this  matter  here, 
for  the  precession  in  declination  is  n  cos  o;  hence  any 
sm.all  variation  of  n  will  introduce  a  small  periodic 
term  in  the  differences  given  above,  but  will  be  elim- 
inated from  the  mean  of  the  motions  of  stars  that  are 
uniformly  distributed  in  right  ascension. 

In  the  following  table  the  first  column  gives  the 
names  of  the  six  stations;  the  second,  their  longitudes 
west  of  Greenwich;  the  third,  the  progressive  changes 
in  latitude  deduced  by  Mr.  Lambert,  using  the  mean 
of  the  two  sets  of  results  with  the  data  collected 
respectively  on  the  twelve  months  basis  and  on  the 
fourteen  months  basis;  the  fourth,  the  progressive 
changes  that  we  should  derive  with  the  use  of  Boss's 
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proper-motions,  computed  by  suhtraftlng  ".0087  from, 
the  corresponding  number  in  the  third  column. 


Progressive 

Change 

with  Cohn's 

with  Boss'.s 

Proper- 

Proper- 

Station 

Longituiie 

motions 

motions 

Mizusawa 

-141 

+  .0008 

-.0079 

Tschardjui 

-   63 

+  .0110 

+  .0023 

Carloforte 

-     8 

+  .00.^3 

-.0034 

Gaithersburg 

+   77 

+  .0103 

+  .0016 

Cincinnati 

+  84 

+  .0099 

+  .0012 

Ukiah 

+  123 

+  .0106 

+  .0019 

It  will  be  seen  that  the  use  of  Boss's  system  reduces 
the  apparent  changes  in  the  latitude,  except  in  the 
case  of  Mizusawa.  In  fact,  excluding  Mizusawa,  the 
results  at  the  other  stations  are  now  such  as  may  come 
within  the  realm  of  accidental  errors;  though  the  one 
for  Carloforte,  in  view  of  the  number  and  accuracy  of 
the  observations  at  this  station,  is  somewhat  larger 
than  we  should  expect  as  the  result  of  chance. 

Our  conclusion  is  that  the  present  data  can  be  inter- 
preted without  assuming  that  the  latitude  of  any 
station  except  Mizusawa  is  changing  to  any  serious 
extent. 

Mr.  L.\mbkut,  in  the  paper  already  cited,  notes 
that  the  apparent  changes  for  the  three  stations  in 
eastern  longitudes,  are  on  the  average  less  than  those 
in  western  longtiudes,  and  suggests  that  the  pole 
itself  may  be  moving  progressively,  roughly  in  tlie 
direction  of  our  Atlantic  Coast.  If  we  cxckKlc  tlic 
results  at  Mizusawa,  the  evidence  for  such  a  pro- 
gression would  be  very  meagre.  We  have  the  choice 
of  assuming  that  the  latitude  of  Mizusawa  is  changing 
by  about  0".008  (25  centimeters)  {)er  annum,  or  that 
the  pole  is  moving  by  a  little  more  than  half  this 
amount.  The  former  hypothesis  leads  to  somewhat 
smaller  outstanding  residuals.  I  prefer  this  hypothesis, 
but  in  the  present  state  of  our  information  it  is  not 


possible  to  distinguish  lietween  the  two  witli  anything 
like  certainty. 

Whichever  of  these  alternative's  we  adopt,  tlie  pro- 
gressive change  in  the  latitude  of  Ukiah  r;ui  Ik-  only  a 
small  fraction  of  that  deduced  by  Professor  L.wvson 
from  his  examination  of  the  published  latitudes,  com- 
puted with  Dr.  Cohn's  proper-motions.  This  docs 
not  necessarily  imply  that  the  evidence  is  now  against 
the  ''elastic  rebound"  explanation  of  earthquakes. 
It  does  mean,  however,  that  the  evidence  in  its  favor 
apparently  afforded  lay  the  published  results  for 
Ukiah,  is  now  shown  (principally  through  Mr.  Lam- 
bert's work)  to  be  weak  or  even  altogether  absent. 
It  may  lie  that  such  evidence  is  forthcoming  at 
Mizusawa,  which  of  all  the  latitude  stations  is  in  the 
region  most  likely  to  show  seismic  effects. 

Incidentally,  the  present  paper  affords  support  for 
the  preference  of  Boss's  system  of  declinations  over 
AuwERs'.  To  accept  the  latter  as  apph'ing  to  the 
latitude  observations  is  equivalent  to  supposing  that 
all  six  of  the  latitude  stations  (w^ith  the  possible  ex- 
ception of  Mizusawa)  are  moving  north.  Boss's 
proper-motions,  on  the  other  hand,  greatly  reduce 
these  apparent  motions  and  make  the  sum  of  them 
practically  zero. 

Owing  to  the  war  and  other  causes,  three  of  the 
international  stations  have  now  been  discontinued. 
The  remaining  ones  are  at  Mizusawa,  Ukiah  and 
Carloforte.  It  is  well  recognized  by  astronomers  and 
geodesists  that  more  stations  should  be  established  as 
soon  as  possible.  From  several  different  points  of 
view  it  would  l)e  profitable  to  resume  observing  at  the 
abandoned  international  stations  and  particularly  at 
Gaithersburg.  If  it  should  not  be  found  po.ssible  to 
re-occupy  this  station  permanently,  it  would  still  be 
of  great  .service  if  the  observations  could  be  maintained 
for  a  limited  period. 


Yale  i'nwersily  Observatory, 
February  1.  1922. 


OBSERVATIONS   OF   MINOR   PLANETS, 

M,\DE    .\T    .\.\X    .^RUOR    WITH    THE    12X-INCH    REFRACTOR   OF   THE    DETROIT   OBSERVATORY, 

By  d.  b.  McLaughlin. 


1921        G.  M.  T. 

* 

Xo.  Comp. 

Planet  —  -j^ 
Aa                     AS 

Planet's  Appaa-ent 
a                           8 

Log 
for  a 

l>A 
for  8 

h       m       8 

(30)   Urania 

Jan.     3  15  34  48.6 

1 

10,  10 

-0  34.55 

-  3     4.1 

2  25  58.05 

+  17  18  20.2 

9.4339 

0.6088 

9  15  34    8.6 

2 

10,  10 

-0    5.67 

-10  29.3 

2  30  15.12 

+  17  28  41.6 

9.4787 

0.6167 

11   16  24  12.4 

3 

8,    8 

-0  30.12 

-   2     0.5 

2  31  55.69 

+  17  33"  18.6 

9.5748 

0.6555 

12  17     1  52.1 

3 

8,    8 

+0  21.05 

+  0  22.3 

2  32  46.85  |  +17  35  41.3 

9.5988 

0.6816 
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1921        G.  M.  T. 


Xo.  Comp. 


Planet 
Aa 


* 

At 


Planet's  Apparent 


Log  pA 
for  a  for  S 


Jan.    17  14  34  53.4 

4 

18  14  35     7.4 

4 

31  10  27    0.3 

5 

Feb.    18  13  54  53.5 

6 

Jan.  26  17  58  20.2 

27  15  37  22.0 

27  15  45  36.8 

31  18  39  43.6 

Feb.  18  16  45  41.8 


Jan.  31  19  33  28.3 

Feb.  18  15  52  46.5 

20  15  20  11.9 

21  15  23  31.2 


Feb.  11  18  40  14.8 
15  20  31  34.6 


Feb.  18  18  29  45.0 
20  16  47  1.4 


Apr.  24  16  22  15.4 
25  16  52  36.3 


Dec.  10  17  31  22.5 


10 
11 
12 
12 


19 
20 


21 


no,   8 


8,  8 

4 

6,  .. 

no ,   8 

10,  10 


+0  10.34 

-0  33.12 

-0  14.97 

+0  4.43 


(1)  Ceres 

+  3  37.6 

+  6  7.7 

+  9  35.4 

-  4  2.1 


(20)  Mnssalia 


+0  49.04 

-0  5.84 

-0  53.66 

+0  42.98 


+ 

1 

44.7 

+ 

5 

12.8 

+ 

8 

53.4 

+ 

3 

26.2 

5  50  10.70 
5  49  27.24 
5  42  40.07 
5  42  14.26 


8  34  52.04 

8  33  57.17 
8  29  49.49 
8  15     5.55 


+28  25  56.5 
+28  28  26.5 
+28  55  10.3 

+29  19  57.4 


9.1215n 
9.0904??. 
9.3696 
8.8365 


+  17  21  43.3 
+  17  25  11.4 

8.4052 

9.3429r? 

9.1835 

8.9974 

+  17  40  47.4 
+  18  37  17.0 

(9)  Metis 


ao 

10 


+2 

31.25 

+0 

11.54 

+0 

22.72 

-0 

23.68 

+ 

3 

13.2 

- 

7 

24.6 

+ 

7 

48.3 

+ 

9 

28.3 

9     5 

49.15 

8  48 

5.29 

8  46 

29.30 

8  45 

42.90 

+25  59  39.3 

9.3016 

+27  11     8.4 

8.8992?? 

+  27  14  54.8 

9.0965?? 

+27  16  34.9 

9.0344 

PLANET   DISCOVERED   FEBRUARY  3,  1921 
By  Comas  Sola,  Barcelona,  Spain 


13     I    12  ,  12 
15        12  ,  12 


+  0  10.67 
-0  55.82 


+  2  48.9 
+    1  47.8 


10  ,  10 

8,    8 


10  ,  10 


(10)  Hygia 
+0    0.63  I   -10    9.3  I 
-0  11.10  I   +  5  28.9  1 

(40)  Harmonia 
-0  2.29  I  +  4  33.2  I 
-0  21.89      -  2  26.8 


9     2  45.49 
8  56  13.71 


10     0     6.14 
9  58  32.70 


+  17  35  11.9 
+  16  43  34.1 


8    3  40.1 
8  10  30.3 


14  15  13.76      -  6  45  52.4 
14  14  12.30      -  6  41  34.3 


9.2406 
9.5744 


8.9726 
8.9250?? 


9.1608?? 
8.9029?? 


(4)   Vesta 
10,  10    I   -0  29.63  I  +10  36.4 


0.3407 
0.3371 
0.3776 
0.2945* 


0.5659 
0.5971 


0.5747 
0.5500* 


0.4307 
0.3615* 
0.3709* 
0.3655* 


0.5793 
0.6613* 


0.6935* 
0.6919* 


0.8182 
0.8192 


2  43  48.88  I  +  7  23  19.0  I  9.5412     |  0.7273 


Observations  marked  with  an  asterisk  were  reduced  by  R.  A.  Rossiter,  others  by  D.  B.  McLaughlin. 


Mean  Places  for  1.921  of  Comparison  Stars 


^ 

a 

Red.  to 
App.  PI. 

S 

Red.  to 
App.  PI. 

Authority 

1 

h        m      s 

2  26  31.18 

+  1.42 

+  17  21   22.2 

+  2.1 

A .  G.  Berlin  A     688 

2 

2  30  19.41 

+  1.38 

+  17  39     9.0 

+   1.9 

A.  G.  Berlin  A     704 

3 

2  32  24.44 

+  1.37 
+  1.36 

+  17  35  17.4 

+   1.7 
+  1.6 

A.  G.Berlin  A     709 
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* 

a 

Red.  to 
App.  PI. 

5 

Red.  to 
App.  pi. 

Authoritj- 

4 

b     m     s 
5  49  58.05 

+  2.32 
+2.32 

+28  22  25.6 

-  6.7 

-  6.8 

A.  G.  Cambridge  {EUgl.)     2776 

5 

5  42  52.81 

+2.23 

+28  45  40.7 

-  5.8 

A.  G.  Cambridge  {Engl.)    2699 

6 

5  42    7.83 

+2.00 

+29  24    4.5 

-  5.0 

A.  G.  Cambridge  {Engl.)     2688 

7 

8  34     0.91 

+2.09 
+2.10 

+  17  20  13.5 

-14.9 
-14.9 

A.  G.Berlin  A     3442 

8 

8  30  40.87 

+2.28 

+  17  32    8.9 

-14.9 

A.  G.Berlin  A     3403 

9 

8  14  20.27 

+2.30 

+  18  34     5.2 

-14.4 

A.  G.Berlin  A     3272 

10 

9    3  15.59 

+2.31 

+25  56  41.7 

-15.6 

A.  G.  Cambridge  {Engl.)     4833 

11 

8  47  51.33 

+2.42 

+27  18  47.2 

-14.2 

A.  G.  Cambridge  {Engl.)     4721 

12 

8  46    4.17 

+2.41 
+2.41 

+27     7  20.5 

-14.0- 
-13.9 

.4.  G.  Cambridge  {Engl.)     4707 

13 

9     1  54.75 

+  2.32 

+  17  25  49.4 

-15.7 

A.  G.  Berlin  A     3673 

14 

9     2  32.50 

+2.32 

+  17  32  38.7 

-15.7 

f  9.5  mag.  connected  with  *  13 
1  Aa  =  37».75,  A5  =  +6'  49".3 

15 

8  58    4.52 

+2.32 

+  16  45  26.4 

-15.7 

A.  G.Berlin  A     3638 

16 

8  57     7.21 

+2.32 

+  16  42    2.0 

-15.7 

J  9.5  mag.  connected  with  *  15 
1  Aa  =  -57^31,  A5  =  -3'  24".4 

17 

10    0    3.21 

+  2.30 

+  8  14     6.0 

-16.6 

A.  G.  Leipzig  II    5348 

18 

9  58  41.49 

+2.31 

+  85  18.3 

-16.9 

A.  G.  Leipzig  II    5339 

19 

14  15  13.27 

+2.78 

-  6  50  15.8 

-  9.8 

A.G.Wien-Oitakring    5068 

20 

14  14  31.41 

+  2.78 

-  6  38  57.7 

-  9.8 

A .  G.  Wien-Oltakring    5063 

21 

2  44  14.13 

+4.38 

+  7  12  30.3 

+  12.3 

A.  G.  Leipzig  II     1037 

PARALLAX   OF   THE   FAINT   COMPANION   STAR  OF   C  A  PELL  A, 

By    RUTH    M.    TIBBLES. 


In  Astronomiftche  Nachrichlen  No.  4715,  Februarj- 
1914,  Dr.  R.\gn.a.r  Furuhjelm  called  attention  to  a 
faint  star,  magnitude  10.7,  near  Capella,  a  =  5''  10', 
5  =  45°  44',  (1900.0)  which  shared  that  star's  proper- 
motion.  Furuhjelm  in  Festskrift  tillegnad  Anders 
Donner,  Helsingfors,  1915,  under  the  title  Die  Eigen- 
bewcgung  des  Capellabegleiters,  gives  a  more  detailed 
discussion  of  the  proper-motion  of  this  star,  and  gives 
the  value  m  =  0".440  in  position  angle  170°.3.  Boss 
in  his  Preliminarij  General  Catalogue  gives  for  Capella 
fi  =  0".438  in  168=.7. 

The  star  was  entered  on  the  parallax  program  of 
Dearborn  Observatory,  and  tlie  first  plate  was  exposed 
on  27  September  1914.  The  series  was  continued  to 
24  February  1921.  The  eighteen  plates  obtained 
during  that  period  formed  the  basis  of  the  following 
results  for  parallax,  and  proper-motion. 


Relative  parallax 
Proper-motion  in  R.  A. 


0"0.55 
0".056 


=  0".010 
=  0".004 


jlilishod: 


0".067 
0  .071 


TT  =  0".070 


DAXIliL  ami  ScHLJiSINGER 

±0".009  fi,  =  0".()77  ±0".005 
±0  .008 

Lee  and  V.\n  Biesbroeck 
=t0".000  M-  =  0".063 


A.  J.  765 
A.  J.  773 


A.J.  779 


Dearborn  Obseroalury, 
11,  January,  19S2. 
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A   TEST   OF  TWO   METHODS   OF  MEASURING   PARALLA^^^s^S; 


INCLUDING   THE   PARALLAXES    OF   SIX    STARS, 

By   JENNIE   V.   FRANCE. 


The  following  parallaxes  were  measured,  at  the  sug- 
gestion of  Dr.  ScHLLSiNGER,  for  the  purpose  of  testing 
two  methods  of  measuring,  both  as  to  time  and  as  to 
accuraej-.  The  plates  were  taken  at  the  Alleghenj' 
Observatory  and  measured  at  the  Yale  Observatory. 
The  first  method  of  measuring  is  with  the  reversing 
prism;  the  second,  by  reversing  the  plate  in  the  engine. 
There  were  95  plates  in  all,  having  four  comparison 
stars  of  three  images  each.  Each  plate  received  the 
same  number  of  readings,  i.  e.,  three  readings  for  each 
image  in  the  direct  and  in  the  reversed  positions.  It 
was  found  that  the  average  time  for  measuring  one 
plate  with  the  reversing  prism  was  17.8  minutes,  and 
by  reversing  the  plate,  23.0  minutes,  or  30  per  cent 
longer.  The  average  time  for  computing  up  to  the 
least-squares  solution  for  one  plate  was  10.5  minutes 
by  method  (1)  and  16.0  minutes  bj'  method  (2),  or  54 
per  cent  longer.  For  the  total  time  for  measuring  and 
computing  an  average  set  of  15  plates,  including  the 
least-scjuares  solution,  method  (2)  took  30  per  cent 
longer. 


There  is  a  persistent  difference  in  the  size  of  the 
probable  errors,  those  found  by  the  second  method 
being  the  smaller  in  each  case.  The  average  difference 
is  12  per  cent.  Consequently  the  following  weights 
were  given  to  the  parallaxes:  method  (1),  weight  0.8; 
method  (2),  weight  1.0.  The  adopted  parallax  in 
Table  (1)  is  the  weighted  mean  and  the  adopted  prob- 
able error  is  the  smaller  of  the  two. 

Whether  the  12  per  cent  increase  in  accuracy  war- 
rants the  use  of  the  method  of  reversing  the  plate 
depends  upon  the  circumstances  at  the  observatory. 
In  the  case  of  the  visual  refractor,  where  so  much  time 
is  spent  at  the  telescope  and  the  plates  are  slow  in 
accumulating,  it  is  perhaps  best  to  reverse  the  plate. 
But  where  the  plates  accumulate  w-ith  such  rapidity  as 
they  do  with  the  photographic  refractor  one  is  justified 
in  using  the  reversing  prism  in  spite  of  larger  probable 
errors.  However,  if  three  more  plates  are  taken 
method  (1)  will  yield  the  same  results  as  method  (2) 
without  the  extra  plates. 


TABLE    I 
Summary  of  Parallaxes 


No. 

Name 

o  (1900) 

5  (1900) 

Diu-chmus- 
terung 
Number 

Visual 
Magnitude 

and 
Spectrum 

Total 
Proper- 
Motion 

Relative  Parallax 

and 

Probable  Error 

Prob  Error 

for  one 
Good  Plate 

527 

Lalande    7116 

h      m 

3  46 

-f-22  23 

-1-22     583 

7.8  Go 

.39 

+  [o31      ±.009 

±.024 

528 

Lalande    8758 

4  35 

-1-38     5 

-h37     954 

5.8  F5 

.25 

+.020        .010 

.032 

529 

Lalande  11870 

6     9 

-f  2  51 

+  2  1163 

7.9  Ko 

.26 

+.004         .006 

.020 

530 

58  Cancri 

8  50 

H-28  18 

-F28  1666 

5.2  G5 

.04 

-.008        .008 

.021 

531 

H  Virginis 

14  38 

-   5  13 

-   5  3936 

4.0  Fs 

.34 

+  .0.30        .005 

.015 

532 

Lalande  33251 

18     1 

+33  16 

+33  3019 

7.6  Go 

.20 

+  .007         .007 

.019 

The  numbers  assigned  to  these  parallaxes  are  in  continuation  of  other  parallaxes  derived  from  Allgeheny 
plates. 
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TABLE   II 

The  Comparison  Stars 


No. 

Star  1 

Star  2 

Star  3 

star  4 

Mean 

Magn. 

(Photogr.) 

Coastant 

A"            1"        Dep. 

X           Y        Dep. 

A'           ]■ 

Dep. 

X            Y         Dep. 

Prism        Reversing 

527 

-"87 

+"8 

.229 

-46 

-   3 

.347 

+47 

+57 

.010 

+  86 

-'°3 

.414 

11.6 

+"'1039 

+  .0935 

52S 

-  o.-) 

-20 

.178 

-32 

+28 

.344 

+  57 

-44 

.178 

+60 

+  5 

.300 

11.3 

-     568 

-    435 

.-)2'.' 

7'  1 

+  14 

.209 

-16 

+21 

.285 

+39 

-24 

.209 

+44 

-12 

.297 

11.5 

+  1346 

+  1352 

:>:■;(  1 

-  IIKI 

-22 

.243 

-   1 

+  13 

.300 

+53 

+30 

.329 

+  54 

-66 

.128 

11.7 

0 

0 

531 

-   22 

+78 

.388 

+  4 

-44 

.286 

+  15 

-62 

.287 

+  87 

-   6 

.039 

10.7 

+    816 

+    825 

532 

-  94 

+  18 

.203 

-30 

-67 

.226 

+42 

+  16 

.286 

+49 

+  24 

.285 

10.5 

+    342 

+    330 

Those  coordinates  are  referred  to  the  parallax  star  as  oriijiii  aiul  are  in  the  sense  of  increasing  right  ascensions 
and  north  polar  distances. 

(527)     Lalande  71U.     3M6"\   +22°  23' 


Plate  Num- 
ber and 
Observer 

Date 

Hour 
Angle 

Parallax 
Factor 

Time  in 
Days 

Wt. 

Prism 
Solution             Resid. 

Revei 

Solution 

sing 
Resid. 

7002.7* 

1916  Sept 

23 

-To 

+  .83 

-483 

0.6 

mm 

-.0109 

+  .022 

+°.0263 

+  .018 

7040  r 

25 

+  13 

+  .81 

-481 

0.7 

-     132 

-     10 

-    292 

-    25 

8554,7 

1917  Jan. 

20 

+  3 

-.84 

-364 

1.0 

-     118 

-     12 

-    264 

+     10 

8627/i 

30 

0 

-.91 

-354 

0.8 

-      90 

+    26 

-    254 

'    +    20 

10397r 

Sept 

13 

+  10 

+  .91 

-128 

0.9 

+         1 

-      6 

-     137 

-      0 

10455r 

16 

+   3 

+  .89 

-125 

0.8 

1 

-     10 

-     152 

-     23 

11842.7 

1918  Jan. 

19 

+  16 

-.83 

0 

0.5 

0 

-    31 

-     132 

-       3 

15453.7 

1919  Jan. 

19 

+   9 

-.83 

+  365 

0.8 

+    147 

-      9 

0 

-     15 

154867 

20 

0 

-.84 

+366 

1.0 

+     182 

+    41 

+       21 

+     16 

1.5600/1 

27 

+  5 

-.89 

+  373 

0.7 

+     130 

-    38 

-       16 

-     39 

18062D* 

Sept 

6 

+  6 

+  .95 

+  595 

0.8 

+    325 

+    86 

+     197 

+    82 

18107J* 

11 

+  5 

+  .93 

+  600 

0.6 

+    203 

-    95 

+      84 

-    86 

18226J 

20 

+  4 

+  .86 

+  609 

0.8 

+    263 

-     10 

+     154 

+     13 

Prism      Reversing 

+  10.00c   +     7..53m   +0..507r  =  +.0636      -.0799 

+  169..59     +2.81     =  +.6435     +.5758 

+  7.62     =  +.0245     +.0239 


Prism  Reversing 

=  +.0036  -.0110 

=  +.00361  +.00384 

=  +.00165  +.00245 


Prism 

Probable  error  for  unit  weight,        ±".027 
Annual  proper-motion  in  H.  A.,      +".192    ±".008 
Relative  parallax,  +".024    ±".010 


Other  determinations  of  this  parallax  are:    Yerkes,   +".035 
Porter   gives    +".193   for    the    proper-motion. 


Reversing 

=  .024 

-".205    ±".007 

-".036    ±".009 


'.OOS;    Alt.   Wilson,  Spectroscopic,    +".030. 


*  Two  exposures. 
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(528)     Lalande  8758,     4"^  35°S   +38^=  5' 


Plate  Num- 
ber and 
Observer 

Date 

Hovir 
Angle 

Parallax 

Factor 

Time  in 
Days 

Wt. 

Prism 
Solution            Resid. 

Reversing 
Solution           Resid. 

3552ff 

1915  Oct.    10 

min. 

-15 

+  .80 

-493 

1.0 

mr 

0322 

_: 

006 

z 

0237 

-.015 

3585./ 

11 

—   7 

+  .79 

-492 

1.0 

- 

349 

— 

47 

— 

251 

-    36 

4717  J 

1916  Feb.   21 

+   7 

-.96 

-359 

0.9 

— . 

257 

+ 

32 

— 

182 

+    10 

69757 

Sept.  21 

+  6 

+  .94 

-146 

0.9 

— 

100 

+ 

80 

— 

14 

+    76 

8713./ 

1917  Feb.    14 

+    9 

-.94 

0 

0.9 

- 

155 

- 

66 

— 

73 

-    69 

8732r 

15 

+    3 

-.95 

+     1 

1.0 

- 

70 

+ 

60 

+ 

5 

+    45 

8759./ 

17 

+   5 

-.96 

+     3 

1.0 

- 

128 

- 

25 

0 

+    35 

10535.S 

Sept.  21 

-   3 

+  .94 

+  219 

0.9 

+ 

3 

- 

18 

+ 

105 

+      6 

12037T 

1918  Feb.    13 

+  13 

-.94 

+364 

1.0 

+ 

65 

+ 

10 

+ 

138 

-      3 

12066J 

14 

-   5 

-.94 

+365 

0.7 

0 

- 

85 

+ 

86 

-    80 

12166J 

26 

+  21 

-.98 

+  377 

1.0 

+ 

96 

+ 

48 

+ 

170 

+    35 

14238/ 

1918  Sept.  27 

+  10 

+  .91 

+  590 

0.8 

+ 

166 

- 

31 

+ 

220 

-    72 

14261./ 

29 

+  2 

+  .89 

+  592 

1.0 

+ 

200 

+ 

18 

+ 

274 

+      7 

18267Z) 

1919  Sept.  25 

+  8 

+  .92 

+  953 

0.7 

+ 

356 

+ 

1 

+ 

461 

+    38 

Prism       Reversing  Prism         Reversing 

+  12.80c  +   14.90m    -     .657r  =  -.0.584     +   .0509       c   =  -.0099       -.0013 
+  229.60     +  2.04     =  +.9207     +1.0317       y.  =  +.00464     +.00456 
+  10.81     =  +.0300     +   .0250       w  =  +.00130     +.00138 

Prism  Reversing 

Probable  error  for  unit  weight,       ±".033  ±".032 

Annual  proper-motion  in  R.  A.,      +".247    ±".008         +".243   ±".008 
Relative  parallax,  +".019   ±".010         +".020   ±".010 

No  other  determination  of  this  parallax  has  been  published.     Porteb  gives  +".225  for  the  proper-motion. 

(529)     Lalande  11870,     6^  9"",    +2°  51' 


Plate  Num- 
ber and 
Observer 

Date 

Hour 

Angle 

Parallax 
Factor 

Time  in 
Days 

Wt. 

Prism 
Solution            Resid. 

Reversing 
Solution            Resid. 

3872r 

1915   Oct. 

30 

+  10' 

+  .81 

-854 

0.8 

0158 

006 

■" 

0148 

+  .004 

7589^ 

1916  Oct. 

30 

-14 

+  .81 

-488 

0.5 

- 

119 

- 

26 

- 

105 

-      4 

8831/ 

1917  Feb. 

28 

0 

-.92 

-367 

1.0 

- 

134 

- 

64 

- 

119 

-    45 

8863/t 

Mar. 

6 

+   3 

-.95 

-361 

0.8 

— 

92 

- 

6 

- 

103 

-    23 

10900/ 

Oct. 

26 

-   2 

+  .85 

-127 

0.7 

- 

5 

+ 

66 

— 

59 

-      9 

12135^ 

1918  Feb. 

22 

0 

-.86 

-     8 

0.8 

- 

7 

+ 

45 

— 

11 

+    44 

12172/ 

26 

+  6 

-.88 

-     4 

0.7 

- 

48 

- 

15 

— 

18 

+    34 

12207  A' 

Mar. 

2 

+  15 

-.93 

0 

0.8 

- 

1 

+ 

53 

- 

21 

+    26 

145197^ 

Oct. 

26 

+  6 

+  .85 

+  238 

0.9 

+ 

20 

+ 

23 

+ 

24 

+    39 

14650/ 

Nov. 

6 

—   7 

+  .74 

+  249 

0.7 

0 

- 

7 

— 

6 

-      4 

16060/i 

1919  Mar. 

4 

+  8 

-.94 

+367 

0.8 

+ 

8 

- 

12 

+ 

8 

-       1 

16074/ 

6 

-   6 

-.95 

+369 

0.8 

+ 

2 

— 

20 

0 

-     15 

18,540Z) 

Oct. 

17 

+  2 

+  .92 

+594 

0.6 

+ 

54 

— 

1 

+ 

28 

-    25 

50 
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(529)     Lalande  U870,     O"- 9""   +2°  51'     {Continued) 


Plate  Num- 
ber and 
Ob.'server    • 

Date 

Hour 
Angle 

Parallax 
Factor 

Time  in 
Days 

VVt. 

Prism 
Solution            Ro.'iid. 

Reversing 
Solution            Resid. 

195367 
195847 
219867 
220227 
222457 

1920  Fob. 
Oct. 

19 
29 
10 
12 
22 

niin. 

+   8 

+  3 

0 

-  3 

-  2 

-.83 
-.92 
+  .96 
+  .95 

+  .88 

+  719 
+  729 
+  953 
+  955 
+  965 

0.5 
0.5 
0.8 
1.0 
0.8 

+  .0104 

+       69 
+     146 
+      82 
+       64 

+  .053 
+       1 
+     57 

-  36 

-  64 

+  ."(j078 
+      33 
+     127 
+      83 
+       59 

+  .029 

-  25 
+    51 

-  15 

-  53 

Prism 

RcNPr.sinn; 

+  13.50f  +  28.65m   -     .227r 

=   -.0045 

-.0124 

+438.26     +15.61 

=   +.5408 

+  .4845 

+  10.75 

=   +.0272 

+  .0245 

Prism 


Reversing; 


-.0034       -.0038 
+  .00144      +.00134 
+  .00037      +.00025 


Prist 

Probable  error  for  unit  weight,  ±".025 
Annual  proper-motion  in  R.  A.,  +".077 
Relative  parallax.  +".005 


=  ".005 
=  ".008 


Reversing 

=t".O20 

+  ".t)72    ±".004 

+  ".004    ±".006 


No  other  determination  of  this  parallax  has  been  published.     Porter  gives  +".042  for  the  proper-motion. 


(530)     5S  Cancri,     8'-  50'",    +28"  18' 


Plate  Num- 
ber and 
Observer 

Date 

Hour 
Angle 

Parallax 
Factor 

Time  in 
Days 

Wt. 

Prism 
Solution             Resid. 

Reversing 
Solution             Resid. 

1780/? 

1915 

Apr. 

13 

-f'"4 

-.92 

-941 

0.9 

+"".0014 

+  .054 

+".0052 

+  .044 

18087 

14 

-   3 

-.93 

-940 

0.9 

- 

61 

-     55 

- 

25 

-    69 

1832D 

15 

+  25 

-.93 

-939 

0.9 

- 

13 

+     15 

+ 

45 

+  34 

5072D 

1916 

Apr. 

10 

+   7 

-.91 

-578 

0.9 

- 

27 

+     12 

+ 

15 

-      7 

81697 

Dec. 

5 

-   3 

+  .79 

-339 

0.5 

0 

+    47 

+ 

24 

+    18 

90.54/i* 

1917 

Apr. 

3 

+  2 

-.86 

-220 

0.7 

- 

42 

-    35 

0 

-    26 

112217 

Nov. 

9 

+  4 

+  .95 

0 

0.7 

- 

33 

-       4 

+ 

12 

+      3 

12.593  A' 

1918 

Mar. 

29 

+  9 

-.82 

+  140 

0.9 

- 

7 

+     13 

+ 

14 

-       1 

14780/1 

Nov. 

14 

+  10 

+  .93 

+  370 

0.9 

- 

37 

-     15 

+ 

26 

+    26 

163947 

1919 

Mar. 

29 

+  13 

-.82 

+  505 

0.8 

- 

32 

-     28 

+ 

24 

+     16 

164517 

Apr. 

5 

0 

-.87 

+  512 

1.0 

+ 

7 

+    28 

+ 

4 

-     13 

165207 

13 

+  12 

-.92 

+  520 

0.9 

- 

22 

-     15 

+ 

11 

-       4 

187897 

Nov. 

8 

+   6 

+  .95 

+  729 

0.4 

62 

-     53 

- 

30 

-     51 

18900D 

14 

+   9 

+  .93 

+  735 

0.7 

50 

-    38 

- 

29 

—     5 1 

191137 

Dec. 

15 

-16 

+  .70 

+  766 

0.4 

+ 

59 

+  118 

+ 

47 

+    60 

19781D 

1920 

Mar. 

21 

+  16 

-.74 

+863 

0.8 

- 

11 

+      0 

+ 

12 

H-      3 

198047 

22 

0 

—  .75 

+864 

0.0 

+ 

6 

+     25 

+ 

26 

+    23 

Two  exposures. 
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+  12.90C   +     l.Slf. 
+549.63 


Prism       Reversing 


+  4.867r  =  -.0249 
+  18.93  =  +.0084 
+  9.93     =  +.0046 


+  .0181 
-.0326 
-.0110 


Prism 


Reversing 


c   =   -.0023        +.0013 
A(  =   +.00007      -.00007 
TT  =  -.00079     -.00035 


Prism 


Reversing 


Probable  error  for  unit  weight, 
Annual  proper-motion  in  R.  A., 
Relative  parallax. 


±".024 
+  ".004 
-".012 


".004 

:".009 


±".021 
-".004 
-".005 


".003 
=  ".008 


No  other  determination  of  this  parallax  has  been  published.     Boss  gives  —".Oil  for  the  proper-motion. 


(531)     [JL  Virginis,     14'' 38"",    -5°  13' 


Plate  Num- 
ber and 
Observer 

Date 

Hour 
Angle 

Parallax 
Factor 

Time  in 
Days 

Wt. 

Prism 
Solution            Resid. 

Reversing 
Solution            Resid. 

972 1/i 

1917  .July 

1 

+  26 

-.81 

-578 

0.7 

_■" 

0186 

-  .003 

m 

0194 

-.019 

12084./ 

1918  Feb. 

14 

0 

+  .91 

-350 

0.7 

- 

74 

+    25 

- 

79 

+     13 

12190./* 

Mar. 

1 

+   4 

+  .82 

-335 

0.6 

- 

117 

-    39 

- 

115 

-     39 

12239 J 

3 

-    2 

+  .81 

-333 

0.7 

- 

94 

-      7 

- 

77 

+     15 

13304 J 

June 

18 

+  12 

-.68 

-226 

0.7 

- 

83 

+     15 

- 

105 

-     18 

13329A'* 

19 

+  11 

-.69 

-225 

0.6 

- 

62 

+    47 

- 

50 

+    60 

13351 T 

23 

+   9 

-.74 

-221 

1.0 

- 

86 

+     12 

- 

89 

+      4 

13386./ 

27 

+  17 

-.78 

-217 

0.8 

- 

103 

-     15 

- 

87 

+      9 

15666T 

1919  Jan. 

30 

+  8 

+  .93 

0 

0.8 

0 

+       6 

0 

+      6 

15714./ 

Feb. 

1 

+   7 

+  .94 

+     2 

0.7 

- 

49 

-     64 

- 

11 

-       9 

15781^ 

5 

+  12 

+  .94 

+     6 

0.7 

- 

14 

-     16 

- 

21 

-     26 

17222/) 

June 

28 

+  16 

-.76 

+  149 

0.9 

- 

3 

-       1 

0 

+      6 

19423D 

1920  Jan. 

29 

+   9 

+  .93 

+364 

0.7 

+ 

138 

+    76 

+ 

89 

+      9 

19724./ 

Mar. 

14 

-    5 

+  .71 

+409 

0.8 

+ 

99 

+      9 

+ 

106 

+    22 

20774D 

June 

28 

+  19 

-.79 

+  515 

0.8 

+ 

76 

-     19 

+ 

93 

+    12 

20795./ 

30 

+  18 

-.82 

+  517 

0.8 

+ 

73 

-    23 

+ 

56 

-    42 

Prism  Reversing 

+  12.00c    -      2.2.5m    +   .IOtt  =   -.0.333  -.0334 

+  129.02      -    .41      =  +..3253  +.3160   ' 

+  8.03     =  +.0152  +.0152', 


Prism 


Reversing 


c    =   -.0023        -.0024 
M  =   +.00249      +.00242 
TT  =   +.00207      +.00207 


Prism 

Probable  error  for  unit  weight,       ±".020 
Annual  proper-motion  in  R.  A.,      +".133    ± 
Relative  parallax,  +".030    ± 

Other   determinations  of   this   parallax   are:    McCormick,    +".043 
+  ".048.     Boss  gives  +".106  for  the  proper-motion. 


Reversing 


± ' 

'.015 

".006 

+  ' 

.129    ±".005 

".007 

+  ' 

'.030    ±".005 

=  ".010;     Mt.    Wilson,    spectroscopic, 


*  Two  exposures. 
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(532)     Lalande  33251,     18''  1-",   +33°  16' 


Plate  Num- 
ber and 
Observer 

Date 

Hour 
Angle 

Parallax 
Factor 

Time  in 
Days 

Wt. 

Prism 
Solution            Resid. 

Reversing 
Solution            Resid. 

10037J 

1917  Aug. 

4 

mlD. 

+  13 

-.67 

-639 

0.7 

-"oooi 

000 

0001 

-.018 

10087 r 

12 

+  3 

—  .77 

-631 

0.8 

— 

0 

- 

1 

+ 

28 

+    26 

10092J 

16 

-  8 

-.81 

-627 

1.0 

0 

- 

1 

+ 

6 

-      6 

12865 J 

1918  May 

5 

+  7 

+  .72 

-365 

0.9 

- 

37 

- 

50 

- 

18 

-    50 

12936J 

14 

-   4 

+  .60 

-356 

1.0 

— 

6 

- 

4 

+ 

7 

-     12 

12962/ 

15 

-    2 

+  .59 

-355 

0.9 

- 

5 

- 

3 

+ 

5 

-     16 

138597 

Aug. 

6 

+  6 

-.69 

-272 

0.9 

+ 

30 

+ 

50 

+ 

27 

+    36 

13966/1 

17 

+  13 

-.79 

-261 

1.0 

- 

17 

- 

19 

+ 

3 

+       1 

167027 

1919  May 

5 

+  4 

+  .72 

0 

0.6 

- 

1 

+ 

10 

+ 

26 

+    25 

17667/ 

Aug. 

1 

+  17 

-.62 

+  88 

0.8 

+ 

1 

+ 

15 

0 

+      7 

17747Z) 

10 

+  11 

-.74 

+  97 

0.9 

+ 

29 

+ 

55 

+ 

24 

+    44 

2003  ID 

1920  Apr. 

18 

+  8 

+  .88 

+349 

0.6 

— 

25 

- 

18 

+ 

21 

+    28 

200857 

25 

+  8 

+  .82 

+  356 

0.7 

+ 

2 

+ 

22 

+ 

29 

+    41 

21076D 

May 

4 

-   9 

+  .73 

+  365 

1.0 

+ 

11 

+ 

35 

+ 

1 

+      1 

21216B 

Aug. 

5 

-   4 

-.69 

+458 

1.0 

- 

22 

- 

10 

- 

21 

-     12 

212325 

13 

+   7 

-.78 

+466 

1.0 

- 

31 

- 

23 

— 

46 

-    47 

212557 

20 

-11 

-.84 

+473 

1.0 

— 

44 

— 

42 

— 

26 

-     18 

Prism        Reversing 

+  14.80c   -     7.12m   -2.757r  =   -.0108       +.0028         c 

+  245.-52     +4.03     =   -0.303        -.0517         p 

+  8.03     =  +.0016       +.0050         t. 

Prism 
Probable  error  for  unit  weight,       ^  ".020 
Annual  proper-motion  in  R.A.,       —".008    ±".005 
Relative  parallax,  ".000   ±".007 


Prism 


Reversing 

-.0008       +.0002 
-.00015      -.00022 
.00000     +.00081 

Reversing 
±".019 

-".012    ±".004 
+  ".012    ±".007 


No  other  determination  of  this  parallax  has  been  published.     Porter  gives  ".000  for  the  proper-motion. 


Yale  University  Observalory,  March  1, 


THE  MOON'S  MEAN   MOTION  AND   THE   NEW   TABLES, 

By  ERNEST  W.  BROWN. 


The  memoirs  of  Dr.  J.  K.  Fotheringh.\m*  on  the 
ancient  eclipses  and  those  of  C.  I.  TAVLORt  and  H. 
JeffriesJ  on  tidal  friction  in  shallow  seas  have  largeh' 
cleared  away  the  doubts  that  surrounded  the  old 
hypothesis  that  the  Moon's  apparent  residual  accelera- 
tion is,  in  reality,  due  to  a  retardation  of  the  Earth's 
rate  of  rotation.  While  the  importance  of  their  work 
in  clearing  up  a  difficulty  in  the  recorded  observations 
of  the  Moon  is  not  to  be  minimised,   my  immediate 

•  Monthly  Notices,  Vol.  81,  pp.  104-126. 
t  Trans.  Roy.  Sac,  Vol.  220,  pp.  1-33. 
t  Trans.  Roy.  Soc,  Vol.  221,  pp.  239-264. 


object  in  this  note  is  to  give  briefly  the  numerical  con- 
sequences as  far  as  predictions  of  the  Moon's  place  by 
means  of  the  new  tables  are  concerned,  and  to  indicate 
how  predictions  for  the  unexplained  minor  fluctuations 
can  best  be  made  when,  for  example,  it  is  desired  to 
predict  the  time  and  terrestrial  path  of  a  solar  eclipse 
with  the  best  possible  accuracy.  I  give  also,  at  the 
end,  a  few  errata  which  have  crept  into  the  tables. 

Denoting  the  value  of  the  mean  longitude  plus  the 
great  empirical  term  used  in  the   new  tables   by    To^ 

§  Monthly  Notices,  Vol.  75,  p.  510. 
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and  that  given  by  Dr.  Fotheringham||  by  Tg  +  ST, 
we  have 

To  =  335°  43'  27".81  +  1336'  307°  53'  11".80  T 
+  7".12  r^  +  0".0068  P 
+  10".71  sin  (100°.7  +  140°  T), 

T„  +  ST  =  335°  43'  25".26  +  1336'  307°  53'  13".82  T 
+  11".91  T^  +  0".0068  T^ 
+  13".60  sin  (104°.2  +  139°  T), 

where  T  is  the  number  of  Julian  centuries  from  1800.0. 
Hence  with  sufficient  accuracy  for  some  centuries  from 
the  epoch 

ST  =  -2".55  +  2". 02  T  +  4.79  T- 
-  2".90  cos  (139°  T  -  166°) 
+  (3.5  -  T)  0".187  sin  (139°  T  -  166°) 

Dr.  Fotheringham  has  shown  that  the  representa- 
tion of  the  modern  observations  up  to  1890  is  little 
altered  by  the  application  of  this  formula,  but  that 
those  of  later  date  are  very  considerably  improved, 
expecialh^  during  the  last  decade.  As  far  as  the  new 
tables  are  concerned,  since  the  date  of  the  analysis 
which  determined  the  choice  of  the  constants  of  the 
mean  longitude,  the  difference  between  theory  and 
observation  has  increased  some  2".  At  that  date  the 
best  value  available  was  a  slight  modification  of  that 
obtained  by  Newcomb  in  his  last  paper  on  the  sub- 
jectll.  It  is  true  that  his  formula,  which  included  a 
secular  acceleration  of  9". 07  T^,  I  modified  bj-  chang- 
ing the  secular  acceleration  to  7".  12  T^,  but  the  mod- 
ification gave  substantially  the  same  mean  longitude 
from  1650  to  1930  as  Newcomb's  expression  because 
the  other  constants  and  the  great  empirical  term  were 
changed  in  such  a  way  as  to  achieve  this  numerical 
result.  Thus  the  change  ST  in  modern  times  is 
mainly  due  to  an  alteration  of  the  secular  acceleration 
from  9".07  T^  to  11".91  T^  the  other  changes  made 
being  those  of  constants  which  are  always  determined 
from  observation. 

The  values  oi  ST  tabulated  at  intervals  of  25  years 
are:  — 


Date 


Date 


1750.0 

-0.02 

1875.0 

-0.21 

1775.0 

+  .24 

1900.0 

-hl.48 

1800.0 

+   .09 

1925.0 

+  4.65 

1825.0 

-  .18 

1950.0 

+  9.42 

1850.0 

-  .57 

II  L.  c.  p.  12.5. 

If  A.stronomical  Papers  of  the  American  Ephemeris,  Vol.  IX,  Part  1. 


In  order  to  obtain  the  minor  fluctuations  of  the 
Moon  from  its  place  as  predicted  by  the  new  theory 
(which  includes  the  great  empirical  term),  the  values 
above  given,  properly  interpolated,  must  be  added  to 
the  numbers  in  the  columns  headed  "Mer."  in  Tables 
I,  II,  of  my  paper  "The  Longitude  of  the  Moon  from 
1750  to  1910."**  For  the  purposes  of  precHction  it 
will  be  sufficient  to  give  here  the  results  for  the  last 
twenty  years. 

In  the  table  below  are  given,  for  the  middle  of  the 
respective  years,  in  the  Column  B-H  the  additions  to 
the  mean  longitude  used  in  Hansen's  Tables  with 
Newcomb's  old  correction  and  adopted  in  the  Ameri- 
can Ephemeris  and  British  Nautical  Almanac  to  the 
end  of  1922  in  order  to  reduce  the  results  to  the  theory 
adopted  in  the  new  tables;  the  column  ST  is  the  cor- 
rection noted  above;  the  column  O  is  the  observed 
deviation  of  the  Moon  from  the  place  predicted  by 
the  Almanac,]]  and  the  column  Th-0  gives  the  result- 
ing outstanding  errors  or  minor  fluctuations  to  date. 

For  predictions  after  1922  estimates  of  the  future 
fluctuations  should  be  made  from  the  numbers  in  the 
last  column  to  be  formed  after  those  in  the  column  0 
have  been  inserted  and  added  to  ST.  It  will  be 
noticed  that  after  a  rapid  increase  (which  has  followed 
a  decrease)  the  numbers  in  the  column  Th-0  have 
been  nearly  stationary  or  slightly  decreasing  for  a  few 
years.  As  ephemeris  predictions  for  eclipses  have  to  be 
made  some  three  years  in  advance,  estimates  decreas- 
ing about  0".5  a  year  for  some  years  in  this  column 
are  indicated;  these  would  give  corrections  to  the  new 
tables  of  7"  for  1923,  of  6".5  for  1924  and  of  6".0  for 
1925,6.  It  is,  of  course,  inadvisable  to  change  the 
hourly  ephemeris  of  the  Moon  for  ST  until  it  has  been 
well  established  by  further  observations. 

A  new  attempt  has  been  made  to  analyze  these 
minor  fluctuations  since  1750  after  the  application  of 
the  correction  ST.  A  term  with  a  period  of  about  40 
years  and  coefficient  1"  seems  to  have  persisted  during 
the  whole  interval,  but  no  single  additional  term 
(which  must  be  of  longer  period)  can  represent  the 
more  extensive  part  of  these  minor  fluctuations,  and 
if  we  attempt  to  analyze  with  two  or  more  additional 
terms  the  number  of  possibilities  becomes  great,  and 
gives  no  securitj^  that  prediction  by  means  of  them 
will  be  any  better  than  by  extrapolation  through 
inspection.  I  again  call  attention  to  the  fact  that 
these  fluctuations  appear  to  proceed  bj^  sudden  rather 
than  gradual  changes  of  the  mean  motion,  the  latter 
remaining  nearly  constant  for  some  years  after  the 
change.  The  point  of  this  remark  consists  in  the 
fact  that  the  magnitude  of  the  force  required  to  pro- 

**  Monthly  Notices,  Vol.  73,  pp.  703-6. 

ft  Report  of  the  Astronomer  Royal.  1921,  p.  7. 
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Date 


Th-0 


1900.5 

+3.10 

+  1.53 

-   2.69 

-1.94 

1.5 

2.94 

1.63 

2.77 

1.80 

2.5 

2.73 

1.73 

3.15 

1.31 

3.0 

2.71 

1.83 

3.08 

1.46 

4.5 

3.29 

1.93 

3.16 

2.06 

5.5 

3.54 

2.04 

5.29 

-0.29 

6.5 

3.13 

2.15 

5.91 

+  0.63 

7.5 

2.75 

2.26 

5.96 

0.95 

8.5 

3.00 

2.38 

5.97 

0.59 

9.5 

3.46 

2.49 

6.41 

0.46 

1910.5 

3.67 

2.61 

7.85 

1.57 

11.5 

3.97 

2.73 

8.34 

1.64 

12.5 

4.92 

2.86 

9.79 

2.01 

13.5 

5.80 

2.98 

11.93 

3.15 

14.5 

5.88 

3.11 

12.86 

3.87 

15.5 

5.71 

3.24 

12.58 

3.63 

.    16.5 

5.95 

3.38 

14.05 

4.72 

17.5 

5.92 

3.52 

14.03 

4.59 

18.5 

5.47 

3.66 

14.05 

4.92 

19.5 

5.10 

3.81 

12.26 

3.35 

1920.5 

5.05 

3.96 

-13.11 

+4.10 

21.5 

4.81 

4.11 

22.5 

+4.63 

4.26 

23.5 

4.42 

24.5 

4.67 

25.5 

4.73 

26.5 

4.89 

27.5 

5.06 

28.5 

5.22 

29.5 

5.39 

1930.5 

5.56 

31.5 

5.74 

32.5 

5.92 

33.5 

6.10 

34.5 

6.28 

35.5 

6.47 

36.5 

6.66 

37.5 

6.85 

38.5 

7.05 

39.5 

7.24  • 

1940.5 

+  7.44 

duce  the  change  is  independent  of  the  mode  of  rep- 
resentation; it  is,  in  fact,  proportional  at  any  time 
to  the  curvature  of  the  curve  which  represents  the 
deviations  of  the  Moo7i  from  its  precUcted  place. 
Thus  the  great  empirical  term  is  the  result  of  a  much 
smaller  force  than  that  which  produces  the  minor 
fluctuations,    because    its    curvature    is    always    small 


compared   with   that   which   at   times  is    exhibited    by 
the  latter. 

]']UR.\TA    IN    THE    NeW    TaBLES 

The  following  errata  have  been  kindly  sent  by 
Dr.  Cowell,  Professor  Hirayama,  Dr.  P.  Blum, 
and  Mr.  Bawtry.  Only  one  of  them,  the  last,  occurs 
in  the  tables  used  for  computation;  the  others  are 
errors  in  the  explanatory  matter  given  in  the  Intro- 
duction. 

Sect.  I,  p.  36,  lines  5,  6:    interchange  23,  24. 

p.  44,  lines  5,  6,  20  and  on  p.  82:  for  Args.  70,  71 
rend,  Args.  71,  72,  respectively. 


p.  97:  for 


n  -  1 


(A"  +  A") 


n  -  1 
read  +  —. —  (A"  +  A") 


p.   97:    in  the  computation  of  Zs  column   1.5,   drop 
the  number  44  one  line  down. 

p.  98  first  block:    in  the  argument  III,  23  for  0''.0 
read  9.^. 

p.  99:    in  the  computation  of  Se.  for  the  last    argu- 
ment 6  read  16. 

p.  102,  line  11:  for  82,  83,  84  read  79,  80,  81. 

p.  102,  line  26:    insert  Z'n. 

p.  109,  examples:  for  1923,  C'.O  read  1923.  9''.0. 

p.  109,  examples:  for  —  1°  36'  27". 87  i-ead 

+  1°36'27".87. 

Sect.  VI,  p.  94.  Arg.  4°  33'  10":  for  5419  read  5409. 

On  p.  95,  Sect.  I,  the  argument  denoted  by  92  —  /' 
in  several  places  in  the  illustrative  example  has  caused 
confusion.  It  was  intended  to  mean  the  value  of 
arg.  82  at  the  time  when  /'  =  0.  Its  value  on  day  0 
is  5206  and  on  day  2.52,  when  /'  =  0,  5209.  A  similar 
remark  applies  to  the  arguments  on  the  same  page 
denoted  by  78  -  V,  83  -  I',  84  -  I'. 

There  has  also  been  some  doubt  as  to  the  constants 
used  in  the  actual  tables.  These  are  given  on  pp.  80, 
81  of  Sect.  I.  In  particular  the  adopted  constant  of 
sine-parallax  is  3422". 54,  corresponding  to  a  constant 
of  parallax  of  3422".70. 

Yale  I'nivcrsily,   1922,  February  21. 
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STELLAR  PARALLAXES  DERIVED   FROM  PHOTOGRAPHS, 

made  with  the  60-inch  reflector  of  the  mount  wilson  observatory, 
By  a.  van  Maanen. 


The  following  table,  giving  a  summary  of  the  results 
obtained  from  the  Mount  Wilson  parallax  work,  is  a 
continuation  of  the  lists  published  in  Astronomical 
Journal,  Nos.  723  and  755.  The  full  details  for  the 
individual  objects  are  to  be  found  in  "The  Photo- 
graphic Determination  of  Stellar  Parallaxes  with  the 
60-inch  Reflector,"  fifth  series  (Mount  Wilson  Con- 
tributions, No.  204),  and  sixth  series  (in  press). 

The  tabic  is  self-explanatory.  The  magnitudes  are 
taken  from  the  Revised  Harvard  Photometry,  except 
when  stated  otherwise  in  the  footnotes.     The  spectra 


have  been  determined  by  Mh.  Adams,  except  those 
marked  by  an  asterisk,  which  are  from  the  Revised 
Harvard  Photometry.  The  proper-motions  are  from 
Boss's  Preliminary  General  Catalogue,  or  from  Porter's 
Catalogue  of  Proper  Motion  Stars. 

The  values  in  the  seventh  column  are  relative  par- 
allaxes: to  convert  them  into  absolute  parallaxes 
0".00P  should  be  added. 

The  mean  probable  error  of  a  parallax  is  0".0057; 
the  mean  number  of  exposures  is  16.3;  the  mean  num- 
ber of  comparison  stats  is  7.9. 


Object 


8  1900 

Mg. 

+  71  58 

11.6 

+  55  14 

var. 

+61     1 

7.8 

+  63  22 

5.74 

+  50  36 

5.40 

+33  50 

var. 

+  37  56 

5.32 

+41     9 

8.4 

+41     9 

8.8 

+  60  39 

13.0 

+  30  31 

8.0 

+  39  13 

13.2 

+39  49 

var. 

+  92 

14.2 

+  22  34 

3.19 

+38  32 

5.87 

+  8  49 

13.8 

'+29  41 

13.5 

+  12     2 

var. 

+36  16 

5.48 

+  56  25 

var. 

+43  39 

6.83 

+45     6 

13.8 

Sp. 


p.  E. 


No. 
Exp. 


No. 
Comp.  stars 


N.G.  C.  40  (1).  . 
T  Cassiopeiae  .  .  . 
Lalande  1966 .  .  .  . 

P.  G.  C.  394 

P.O.  C.  500 

R  Trianguli 

P.G.C.  654 

Lalande  6888 .  .  .  . 
Lalande  6889 .  .  .  . 
N.  G.  C.  1501  (1) . 
N.G.  C.  1514(1). 
Anonymous  (2)  .  . 

RX  A  urigae 

.V.  G.  C.  2022  (1) . 
P.G.C.  1604.  .  .. 
P.G.C.  1676.  ..  . 
iV.G.C.  2261(1). 
.V.  G.  C.  2371-2(1 

R  Cancri 

P.  G.  C.  2573 .  .  .  . 
W  Ursae  Majoris 
P.G.  C.  3145.  ..  . 
N.  G.  C.  4051  (1) 


7  35 
17  48 

3  18 
40  30 

6  57 
31  0 
47  24 
40  12 
40  12 
58  23 

3     0 

53  11 

54  28 
36  37 
16  54 
29  40 
33  34 
19  18 
11  0 
29  40 
36  42 

57  24 

58  7 


PI.  Neb. 

Md 

F5 

Ko 

G5 

Md 

Fo 

Ko 

K2 

PI.  Neb. 

PI.  Neb. 

F9p 

PI.  Neb. 

Ma  (G6) 

N 

Var.  Neb. 

PL  Neb. 

Md 

Kl 

F8p 

G7 

Sp.  Neb. 


0.638 
0.634 
0.386 

0.099 
1.372 
1.372 


0.377 


0.128 
0.036 


0.753 
0.629 


+  0.003 
+0.027 
+  0.015 
+0.118 
+  0.011 
+  0.005 
+  0.027 
+  0.076 
+  0.081 
+  0.016 
+0.012 
+0.010 
-0.001 
+  0.008 
+  0.007 
+  0.003 
-0.010 
+0.011 
-0.001 
+  0.066 
+  0.023 
-0.013 
+  0.001 


0.003 
0.003 
0.004 
0.007 
0.005 
0.005 
0.009 
0.005 
0.006 
0.003 
0.009 
0.005 
0.005 
0.004 
0.005 
0.002 
0.004 
0.005 
0.004 
0.005 
0.006 
0.000 
0.005 


18 
18 
16 
16 
16 
18 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
14 
16 
16 
16 
14 
16 
16 


10 
9 

7 
8 
9 

7 
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Object 


R  Virginis 

P.  G.  C.  3322 

P.  G.  C.  3554 

R  Canum  Veiiat. .  .  . 

P.  G.  C.  3785 

P.  G.  C.  4054 

Lalande  29437 

N.G.C.  6210(1).  .. 

U  Opkiuchi 

P.  G.  C.  4518 

N.  G.  C.  6543  (1)  .  . 
N.G.C.  6572  (1)  .  . 

A'  Ophiuchi 

A'ova  Aquilae,  No.  3 

17  Lijrae   C  (3) 

P.  G.  C.  4963 

RR  Lyrae 

B.  D.   +30°  3639  (1) 
Groombrdige  3215  .  . 

P.  G.  C.  5309 

A^.  G.  C.  7026  (1)  .  . 

P.G.C.  5614 

P.G.C.  5694. 

P.G.  C.  5719 

Pi.  22'' 214 

P.  G.  C.  6020 

Pi.  23''  164 

Pi.  23'-  267 


12  33  26 

12  40  24 

13  42  0 

13  44  39 

14  45  11 

15  51  18 

16  4  16 

16  40  18 

17  11  27 
17  48  49 

17  58  32 

18  7  14 
18  33  34 

18  43  49 

19  3  40 
19  21  45 
19  22  14 

19  30  54 

20  29  20 

20  34  52 

21  2  55 

21  44  28 

22  3  47 
22  8  7 

22  40  55 

23  18  52 
23  38  32 
23  59  39 


+  7  32 
+45  58 
+  6  51 
+40  2 
+38  13 
+43  26 
+  6  40 
+  23  59 
+  1  19 
+40  0 
+  66  38 
+  6  50 
+  8  45 
+  0  29 
+32  21 
+  12  49 
+42  30 
+30  18 
+41  33 
+  29  59 
+47  27 
+  60  14 
+  58  21 
+  58  55 
+  29  5G 
+  31  59 
+  57  31 
+  34  6 


vai'. 
5.53 
6.32 

var. 
5.98 
5.54 
6.02 

11.7 

var. 
6.06 

11.3 

10.8 

var. 

var. 

11.00 
5.77 

var. 

10.2 
7.04 
5.86 

15.1 
5.64 
6.31 
5.19 
6..52 
6.53 
7.3 
6.23 


Sp. 


Md 

N 

F9 

Md 

F2 

Ma  (G8) 

Ko 

PI.  Neb. 

B8 

F5* 

PI.  Neb. 

PI.  Neb. 

Md 

Nova 

Ma 

F* 

Fop 

0 

Ko 

Ko 

PI.  Neb. 

K5 

G6 

Od* 

Ko 

A9 

G2 

Gl 


0.006 
0.499 

0.276 
0.075 
0.760 


0.051 


1.705 
0.066 


0.475 
0.090 

0.006 
0.030 
0.023 
0.461 
0.233 
0.610 
0.766 


TT 

P.  E. 

No. 
Exp.  ( 

+  0.010 

0.004 

16 

-0.002 

0.003 

16 

+  0.026 

0.007 

16 

-0.010 

0.002 

14 

+  0.041 

0.008 

16 

+  0.031 

0.003 

18 

+  0.026 

0.005 

16 

-0.003 

0.003 

16 

+  0.012 

0.008 

16 

+  0.014 

0.009 

18 

+  0.029 

0.004 

IG 

+  0.003 

0.009 

16 

0.000 

0.007 

16 

+  0.019 

0.006 

16 

+  0.109 

0.008 

16 

+  0.024 

0.008 

16 

+  0.006 

0.006 

20 

+  0.005 

0.009 

16 

+  0.0.50 

0.004 

18 

+  0.011 

0.006 

16 

+  0.011 

0.008 

16 

+  0.019 

0.006 

16 

+  0.015 

0.005 

18, 

+  0.010 

0.004 

16 

+  0.027 

0.007 

16 

+  0.014 

0.008 

16 

+  0.028 

0.009 

20 

+  0.009 

0.009 

16 

No. 
Comp.  stars 


(1)  The  magnitudes  for  the  central  stars  of  the  nebulae  are  photographic,  derived  from  counts  of  the  num- 
ber of  stars  of  equal  and  brighter  magnitude  and  are  based  on  Table  IV  of  Groningen  Publications,  No.  27. 

(2)  The  magnitude  of  this  star  was  derived  as  in  note  1;   the  proper-motion  was  found  by  van  Maanen  in 
deriving  the  parallax  of  Boss  1182. 

(3)  The  magnitude  and  proper-motion  are  taken  from  Burnham's  Measures  of  Proper  Motion  Stars. 

Mount  Wilson  Observatory, 

February,  10$2.  


PRESENT   CORRECTIONS  TO   THE   MOON'S   LONGITUDE, 


By  E.  B.  TUSTIN,  JR. 


In  A.J.  734  the  writer  deduced  from  occultations 
several  empirical  terms  of  mean  period  applicabl  e  to 
the  Moon's  mean  longitude.  These  terms  represented 
the  minor  residuals  of  Newcomb's  empirical  term- 
over  a  period  of  65  years,  with  a  mean  error  of  0".83; 
within  that  of  any  single  minor  residual  group  com- 
prising the  data  used.  Five  years  have  elapsed  since 
the   formula    was   derived   and   it   seems   desirable   to 


compare  it  now  with  the  most  modern  and  best  obser- 
vations. 

What  we  prop()S(>  to  accomplish  in  the  pr(>s<>iit  paper 
is: 

(a)  To   find   the   present  correction   to   the   Moon's 
mean  longitude. 

(b)  To  compare  this  observational  correction  with 
the  formula  for  correction  mentioned  above. 


-i^ 
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The  occultations  used  for  thi.s  purpose  are  selected 
from  18,  privately  submitted  by  courtesy  of  Capt. 
W.  D.  MacDougall,  Naval  Observator3^  Of  these 
18,  7  were  judged  as  being  entitled  to  weights  great 
enough  for  our  purpose,  upon  considering  the  com- 
ments of  the  observers.  An  occultation  was  rejected 
when  the  error  in  time  as  indicated  by  the  observer 
was  greater  than  0^5,  or  where  the  observation  was 
made  through  clouds,  trees,  or,  in  general,  wherever 
uncertaint}'  in  time  was  implied.  RB  phase  was  not 
used  on  account  of  the  well  known  errors  pertinent 
to  this  class  of  observations.  DB  phase  was  used  only 
when  the  same  phenomena  was  noted  independently 
by  two  observers.  Regard  was  also  had  for  the  fact 
that  the  best  determination  of  longitude  correction 
obtains  when  the  angle  reckoned  on  the  Moon's  limb 
from  vertex  to  star  is  not  too  far  from  90°.  This  pre- 
liminary selection  saves  us  the  labor  of  reducing 
obviously  uncertain  observations,  while  at  the  same 
time  we  do  not  greatly  diminish  the  Aveight  of  the 
result. 


The  occultations  were  reduced  by  the  method  of 
Newcomb  as  given  on  page  20,  Researches  on  the  Mo- 
tion of  the  Moon,  Papers  of  the  American  Ephemeris, 
Vol.  IX,  Part  1.  Page  numbers  in  the  present  paper 
refer  to  Newcomb's  work. 

In  the  following  table,  s'  is  the  apparent  semidiameter 
of  the  Moon;  D,  the  distance  of  centers  as  computed 
from  Hansen's  tables  as  used  in  the  American  Ephem- 
eris; Aj8'  the  orbit  latitude  correction  applicable  to 
Hansen's  tables;  m',  the  position  angle  of  star  cor- 
responding to  the  plane  of  the  Moon's  orbit;  and  F, 
the  factor  for  reducing  the  correction  of  the  mean 
longitude  to  that  of  the  true  (page  25). 

A/3  =  -|-0".68,  (p.  38,  223),  can  be  taken  with  suf- 
ficient accuracy  as  perpendicular  to  the  Moon's  orbit, 
and  used  for  A/3'. 

Minor  residuals  = 

(s'  -  D)  -  A/3'  cos  m' 
"  F  sin  m' (Newcomb  -  Hansen). 


Date 
1921 

Star 

Ph. 

W.  Si(l.  T. 

W.  M.  T. 

1 

CO 

Power 

o 

1 

(Newcomb 
— Hansen) 

A^ 

is'-D) 

^,3'  COS  in' 

r 

h       m      s 

h      m      s 

„ 

, 

„       1 

^ 

, 

Aug.  10 

f  Libra 

DD 

19    5  31.9 

9  49  23.2 

p 

183-26 

B 

4 

+  5.99 

+  0.41 

-   7.03 

-0.51 

+  4.26 

Oct.   15 

171  B  Piscium. 

DD 

5  41  13.0 
5  41  13.1 

16    3  50.4 
16    3  50.5 

f 

V 

183-26 
?     12 

Hl 
B 

7 

3.91 

0.40 

-10.12 

-0.38 

8.42 

20 

115  Tauri 

RD 

6  23  59.2 

16  26  50.1 

V 

183-26 

Hl 

4 

4.84 

0.44 

+   8.66 

+  0.54 

8.07 

21 

292    B  Orionis . 

RD 

4    8    5.6 
4    8    5.7 

14    7  22.7 
14    7  22.9 

f 
f 

183-26 
115-12 

Hl 
B 

9 

4.92 

0.44 

+  12.85 

+  0.27 

8.17 

22 

X  Geminorum .  . 

DB 

2  14    2.2 
2  14    2.6 

12    9  42.2 
12    9  42.5 

f 
f 

183-26 
160-12 

Hl 
B 

10 

5.07 

0.44 

-14.00 

-0.16 

8.46 

22 

\  Geminorum  .  . 

RD 

3  17  36.7 
3  17  36.8 

13  13    6.2 
13  13    6.3 

f 
f 

183-26 
115-12 

Hl 
B 

9 

7 

5.07 

0.44 

+  15.86 

-0.05 

10.06 

Dec.  15 

26  Geminorum  . 

RD 

7  18  48.4 

13  41  19.4 

I 

183-26 

Hl 

9 

+4.31 

+  0.46 

+  12.88 

+  0.14 

+  7.49 

7  18  48.4 

13  41  19.4 

f 

160-12 

B 

4 

Rem:  (4)  Late  OM;  (7)  Late  0M5;  (9)  Late  0^2;  (10)  Late  O'.S. 


To  determine  the  best  value  of  r,  we  premise  that 
up  to  a  certain  limit  e,,  tlic  weights  of  the  individual 
values  of  r  should  not  be  diminished  on  account  of 
their  discordance  from  a  simple  mean  of  the  accordant 
values  of  r.  The  question  will  arise  as  to  the  law  of 
diminution  of  the  weight  when  the  residual  error 
exceeds  eg.  .  This  implies  that  the  weight  for  a  dis- 
cordant observation  above  e„  is  made  to  depend  -upon 
its  variation  from  other  observations  which  do  not 
include  the  discordant;  but  this  proceeding  is  rigor- 
ousl}'  logical  when  properly  applied.* 

Let  us  put  for  A  the  excess -of  the  error  above  the 
limit  Co.  1  his  is  applicable  in  the  present  case  to  each 
*  Chapter  XI. 


of  the  (wo  observations  No.  1  and  No.  6.  Then  we 
propose  to  determine  their  separate  weights  by  the 
condition 


e„ 


e„  +  A 


(1) 


We  will  have  the  same  result,  practically,  that  this 
equation  will  lead  to  if  we  substitute  for  each  actually 
observed  discordant  quantity  other  separate  quantities 
corresponding  to  the  residual  €„.  In  other  words,  in- 
stead of  finding  a  mean  result  bj^  weights,  we  change 
two  of  the  quantities  comprising  the  final  mean  and 
use  the  weight  1.  This  is  readily  done  by  remember- 
ing that,  from  what  has  been  said. 
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Preliminary  IMean  r  —  Discordant  r  =  Cg  +  ^,     (2) 

where  €„  and  S  have  the  same  sign. 

Now,  by  using  the  weight  1,  A  disappears  by  the  for- 
mula for  w,  and  we  have,  from  the  equation  just 
written,  the  value  of  a  new  quantity  used  to  replace 
each  discordant  r,  respectively;  and  corresponding 
to  e„: 


Replacement  for 
discordant  r 


=  Preliminary  ISIean  r  —  e<„     (3) 


having   respect    for   the   sign    of   €„    to    be   determined 
from  (2). 

There  is  still,  of  course,  a  certain  amount  of  inde- 
termination  because  the  limit  e,,  is  a  matter  of  judg- 
ment. But  the  influence  of  the  judgment  is  much 
less  than  what  results  from  continuing  the  usual 
fashion  of  treatment.  The  computer  is  relieved  of 
the  guesswork  attending  the  acceptance  or  rejection 
of  doubtful  values  of  r.  In  the  present  case  I  have 
used  Co  =  ±1"  =  p.  e.,  based  to  a  certain  extent  on  the 
quality  of  the  observations  used,  however  the  resulting 
value  of  r  would  have  been  almost  identical  with  that 
obtained  even  if  a  greater  valu(>  of  €„  had  been  taken. 

By  this  procedure  we  deduce: 

r,  (1921.8)  =  +S".\.    p.  c.  1".0. 

Empirical  terms  for  the  minor  residuals  are,  {A.  J. 
734) 

r  =  -|-1".09  -|-7".30  sin  (86°  +  5°.7t) 
-1-4". 03  sin  (242°  -|-  7°.10 
-|-0"..50sin  (249°  -|-  17°.10. 


m.  e.  =  0".83 


t  =  {T  -  1850.5) 


For  the  mean  date  of  the  observations  given  above 
the  terms  give 

r  =  -|-8".6, 

which  is  in  close  agreement  with  r  as  deduced  from  the 
present  observations,  and  well  within  its  probable 
error. 

Correction  to  the  Moon's  true  longitude  in  orbit  (as 
computed  from  Hansen's  tables  plus  corrections  used 
in  the  American  Ephemeris  since  1883),  is  given  at 
any  time  by  the  following: 

^v  =  F{r)  +  (dl  +  h  sin  g  +  k  cos  g) 
46 

-\-  FiSTh  +  SNo  -f-  Newcomb's  Long  Period  Term), 
203,  210,  210. 

while  the  correction  to  be  applied  to  the  ecliptic  lati- 
tude is 


M3 


-0".68  +  sin  i  cos  (v  —  Q)  An. 


The  results  of  this  paper  appear  to  substantiate  the 
writer's  deduction  in  A.  J.  No.  734  that  at  least  two 
new  periodic  terms  in  the  mean  longititude,  with  co- 
efficients of  approximately  7"  and  4"  respectively,  in 
addition  to  Newcomb's  term  of  long  period,  are  needed 
in  the  Lunar  Theory  to  account  for  the  anomalies  in 
the  Moon's  motion. 


Ocean  Grove,  N.  J. 
February,  U)22. 


A  COMPARISON   OF  PROPER-MOTIONS, 

OBTAINED    HV    I'lIOTOGRAPHIC    MEASURES   AND    MEUIDIAN    OB.SERVATIONS, 

By  ,J.   (1.  PORTER. 


In  the  Montlilij  XoUces  of  the  Royal  Astronomical 
Society,  Volumes  LXIX,  LXXI,  and  LXXII,  are  sev- 
eral lists  of  proper-motions  derived  from  comparison 
of  photographic  plates,  the  intervals  being  in  general 
between  ten  and  twenty  years.  Eighteen  of  these 
stars  occur  in  Boss's  Preliminary  General  Catalog. 
Most  of  the  remaining  stars  which  are  bright  enough 
to  be  included  in  the  A.G.  Catalogs  were  observed 
at  Cincinnati,  and  their  proper-motions  determined 
from  all  the  meridian  data  obtainable.  A  comparison 
of  the  Boss  and  Cincinnati   motions   with  those  de- 


rived Irdui  the  pilot ographic  plates  is  here  given. 
The  average  difference  between  the  Boss  and  M.  N. 
motions  is  0".051,  and  between  the  Cincinnati  and 
M.  N.  motions  0".05,  while  over  12  per  cent  of  the 
stars  differ  by  0".l  or  moie. 

If  a  few  cases  the  meridian  observations  do  not 
furnish  sufficient  data  to  render  the  motions  very 
reliable;  but  I  Ijelieve  that  with  few  exceptions  these 
results  are  entitled  to  much  more  weight  than  the 
photographic  motions.  Other  comparisons  of  photo- 
graphic and  meridian  work  have  led  me  to  a  similar 
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conclusion.     I   do   not    wish   to 

be   consid 

ered   as   dis- 

The  numbers 

in  the  first 

col 

imn  refer 

to  the  Cam- 

parading 

photog 

raphic  wor 

i:    much  of  its 

is  no  doubt 

bridge    (C)    or   the 

Berlin 

B    (B)    A.  G. 

catalogs.     A 

of   tlic    h 

ghest 

excel 

ence. 

But  in  view 

of  the  fact 

figure  2 

n  parentheses  after  the  M.  N. 

motion  signi- 

that  the  tendency  now  is  to  lot 

photograp 

lie  measures 

fies  that 

there 

are 

two  determinations, 

the  mean  of 

supersede 

just  as  far 

IS  possible 

meridian  observations, 

which     is 

given 

.     The    proper 

-motions 

taken    from 

a  note  of 

warning  will  not  be  out  of  place.     It  is  for 

Boss  are 

indicated  by  B. 

this  reason  that  I  am 

publishing  this  com 

parison. 

Proper-motion 

Proper- 

motion 

.4.G.  No. 

R.A.  1900 

Dccl. 

1900 

M.  N. 

Ci.  or  B. 

A.G.  No. 

R.A.  1900 

Dccl. 

1900 

M.  N. 

Ci.  or  B. 

h        ir 

s 

0 

' 

n 

(/ 

h        m 

g 

, 

„ 

„ 

C4482 

8  13 

59 

27 

32 

0.351 

0.389B 

C25 

0  04 

02 

+  25 

29 

0.18 

0.16 

C4498 

16 

25 

20 

57 

0.16 

0.09 

C93 

10 

50 

25 

17 

0.18 

0.14 

C4505 

17 

35 

25 

29 

0.24 

0.18 

C370 

33 

16 

28 

46 

0.228 

0.337B 

C4732 

49 

00 

26 

35 

0.39 

0.44 

B293 

.51 

55 

24 

45 

0.188 

0.201 

C4794 

56 

38 

26 

17 

0.235 

0.230 

B313 

56 

19 

24 

45 

0.113 

0.132 

C4838 

9  02 

54 

27 

03 

0.368 

0.403B 

C732 

1    11 

12 

25 

55 

0.27 

0.23 

C4860 

06 

04 

25 

29 

0.23 

0.25 

C735 

11 

21 

25 

32 

0.14 

0.06 

C4873 

08 

09 

26 

35 

0.15 

0.10 

B40.5 

15 

35 

24 

38 

0.136 

0.150 

C4921 

15 

22 

25 

35 

0.181 

0.160B 

C799 

19 

34 

26 

01 

0.18 

0.03 

C5010 

28 

07 

24 

42 

0.23 

0.18 

B490 

31 

54 

24 

40 

0.277 

0.337 

C5029 

30 

54 

27 

03 

0.15 

0.13 

C931 

35 

44 

25 

14 

0.149 

0.1 34B 

B3836 

40 

11 

24 

14 

0.175 

0.047B 

CI  028 

48 

18 

25 

17 

0.132 

0.116 

C5173 

53 

35 

28 

00 

0.34  (2) 

0.34 

CI  074 

52 

21 

26 

00 

0.13 

0.09 

C5179 

54 

25 

25 

02 

0.276 

0.242 

G1181 

2  07 

41 

24 

55 

0.14 

0.18 

C5229 

10  03 

45 

25 

02 

0.14 

0.19 

C1758 

3  31 

10 

25 

40 

0.354 

0.355 

B3953 

06 

16 

24 

15 

0.411 

0.414 

C2023 

4  08 

27 

26 

00 

0.18 

0.12 

B3971 

11 

00 

24 

00 

0.210 

0.209B 

C2118 

30 

36 

26 

56 

0.219 

0.241 

C5280 

11 

19 

26 

22 

0.31 

0.34 

C2242 

52 

08 

25 

56 

0.22 

0.13 

C5285 

11 

45 

28 

34 

0.25  (2) 

0.26 

B1593 

54 

20 

24 

01 

0.13 

0.04 

C5365 

22 

46 

25 

24 

0.18 

0.24 

B1602 

55 

31 

24 

30 

0.297 

0.322 

C5407 

29 

15 

28 

29 

0.198 

0.195 

C2321 

5  03 

44 

27 

31' 

0.20  (2) 

0.14 

C5421 

31 

51 

25 

36 

0.16 

0.16 

C2322 

03 

47 

27 

26 

0.219  (2) 

0.226 

C5565 

51 

45 

25 

48 

0.17 

0.12 

C2330 

04 

36 

25 

01 

0.16 

0.22 

C5593 

10  55 

36 

+24  36 

0.16 

0.20 

C2334 

04 

50 

25 

50 

0.14 

0.46 

C5620 

59 

55 

25 

45 

0.416 

0.409B 

C2344 

06 

10 

26 

20 

0.19 

0.16 

■  C5764 

11  22 

17 

24 

36 

0.19 

0.22 

C2460 

20 

35 

24 

55 

0.17 

0.07 

C6020 

12  06 

11 

25 

19 

0.11 

0.10 

C2575 

33 

32 

25 

50 

0.173 

0.044B 

C6079 

16 

03 

25 

35 

0.2.50 

0.252 

B2077 

51 

52 

24 

36 

0.16 

0.04 

B4514 

20 

13 

24 

29 

0.148 

•    0.072B 

C2846 

54 

03 

25 

11 

0.15 

0.08 

C6120-1 

22 

13 

27 

35 

0.24 

0.24 

C292.5 

58 

54 

25 

48 

0.15 

0.00 

C6241 

41 

38 

24 

42 

0.2,56 

0.234 

C3090 

6   10 

29 

25 

15 

0.42 

0.48 

C6253 

43 

55 

25 

23 

0.304 

0.367 

C3261 

22 

33 

25 

11 

0.21 

0.16 

B4698 

13  02 

51 

24 

32 

0.27 

0.27  • 

B2526 

35 

08 

24 

03 

0.30 

0.34 

B4702 

03 

15 

23 

57 

0.13 

0.13 

C3636 

6  52 

38 

+  26 

13 

0.195 

0.1 83B 

B4707 

04 

27 

24 

26 

0.14 

0.21 

C3816 

7  06 

39 

29 

28 

0.15 

0.04 

C6430 

14 

06 

25 

08 

0.30  (2) 

0.32 

C383 1 

07 

49 

25 

11 

0.399 

0.451 

B4783 

21 

41 

24 

05 

0.264 

0.171 

C38()2 

10 

47 

27 

04 

0.15 

0.02 

C6514 

28 

04 

24 

52 

0.248 

0.222 

C3880 

12 

15 

27 

2() 

0.17  (2) 

0.21 

B4838 

33 

36 

24 

05 

0.19 

0.23 

C3954 

19 

31 

28 

00 

0.215 

0.1 45B 

C6552 

34 

11 

24 

45 

0.12 

0.03 

C3991 

24 

05 

29 

36 

0.21 

0.21 

C6582 

39 

30 

25 

47 

0.11 

0.12 

C4379 

8  02 

55 

24 

56 

0.30 

0.42 

C6624 

47 

17 

25 

32 

0.12 

0.14 

C4397 

04 

26 

25 

49 

0.373  (2) 

0.361B 

C6651 

51 

19 

25 

01 

0.19  (2) 

0.21 

C4398 

04 

35 

25 

00 

0.13 

0.14 

C6659 

52 

25 

25 

25 

0.18 

0.18 
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^.G.  No. 

R.A.  1900 

Decl.  1900 

Proper 

M.  N. 

motion 
Ci.  or  B. 

A. a.  No. 

R.A.  1900 

Decl.  1900 

Proper- 
M.  N. 

motion 
Ci.  or  B. 

C6814 

h        m        s 

14  18  38 

25  47 

0.150 

0.157 

B7229 

"  38™  54' 

24  22 

0.27 

0.26 

Bo072 

21  05 

24  06 

1.33 

1.39 

CI 0372 

41  40 

26  50 

0.15 

0.14 

B5073 

21   08 

24  06 

1.42 

1.40 

CI 0423 

43  56 

27  37 

0.25 

0.23 

C6848 

23  47 

24  58 

0.257 

0.268 

C10636 

52  48 

29  16 

0.22 

0.22 

C6900 

31  23 

25  23 

0.17 

0.11 

C 10637 

52  50 

29  41 

0.19 

0.19 

B5110 

31  46 

24  25 

0.12 

0.09 

CI 0644 

53  10 

29  40 

0.24 

0.23 

COO  14 

33  21 

28  35 

0.22 

0.17 

C10646 

53  12 

29  33 

0.32 

0.26 

Bo  130 

36  oO 

24  09 

0.14 

0.23 

C10724 

56  45 

29  33 

0.13 

0.13 

CG937 

37  03 

29  29 

0.21 

0.16 

C11508 

20  31  25 

25  02 

0.25 

0.37 

C6963 

42  03 

28   19 

0.18 

0.19 

C11658 

39  02 

25  28 

0.15 

0.02 

C6976 

43  57 

24  47 

0.161 

0.118 

CI  1904 

50  46 

27  43 

0.197 

0.114 

B5182 

45  47 

24   19 

0.180 

0.143 

CI 2058 

59  14 

25  09 

0.17 

0.20 

Bo215 

56  52 

24   15 

0.16 

0.07 

C 12832 

21  39  31 

26  56 

0.38 

0.33 

C7084 

15  02  55 

25   16 

0.188 

0.262B 

CI 2834 

39  38 

26  04 

0.21  (2) 

0.21 

C7086 

03  08 

25   18 

0.995 

0.961 

CI  2835, 

m       39  40 

28  17 

0.312       . 

0.345B 

C713G 

12  25 

25  35 

0.24 

0.26 

B8366 

39  41 

24  53 

0.68 

0.65 

C7155 

14  45 

26  04 

0.565 

0.568 

CI 2922 

44  32 

26  02 

0.17 

0.00 

C71l)9 

16  52 

25  56 

0.16 

0.14 

C12951 

46  33 

28  42 

0.24 

0.26 

C72.56 

30  32 

25  20 

0.14 

0.15 

C12981 

49  26 

27  52 

0.220  (2) 

0.217 

(74(iS 

59  55 

25  31 

0.922 

0.862 

C13020 

51  47 

25  58 

0.21  (2) 

0.18 

( 7703 

16  29   12 

25  54 

0.29 

0.24 

C13179 

22  01  21 

27  29 

0.16 

0.21 

(7!).')9 

.58   13 

25  39 

0.128 

0.108 

B8525 

02  21 

24  51 

0.204 

0.300B 

(7U(i9 

16  58  50 

+  25  47 

0.15 

0.13 

CI 3283 

08  34 

25  27 

0.234 

0.164 

B.58.^)9 

17  03  38 

24  43 

0.11 

0.05 

CI 3492 

25  19 

25  26 

0.143 

0.125 

Bo874 

06  31 

24  39 

0.33 

0.31 

C 13650 

22  37  44 

+  27  07 

0.16 

0.12 

C8114 

13   16 

25  08 

0.11 

0.15 

CI  3664 

38  57 

29  34 

0.225 

0.226 

C81G5 

18  21 

24  59 

0.183 

0.205 

C13673 

39  27 

28  09 

0.16 

0.05 

C8236 

25  29 

29  29 

0.33 

0.39 

C13684 

40  50 

30  02 

0.18 

0.06 

C8455 

45  09 

24  54 

0.14 

0.05 

CI 3685 

40  55 

29  56 

0.445 

0.461 

C8.592 

56  48 

29  34 

0.137 

0.213 

C13716 

43  48 

28  12 

0.18 

0.19 

C8623 

58  47 

28  27 

0.14 

0.03 

C 13727 

44  33 

29  34 

0.15 

0.04 

('S(i34 

59  37 

29  34 

0.14 

0.11 

B8876 

23  06  11 

24   10 

0.15 

0.14 

Bf,:',  19 

18  08  25 

24  26 

0.10 

0.03 

B8904 

11  02 

24   14 

0.141 

0.092 

l',(l,-,7(l 

33  03 

24  21 

0.10 

0.15 

C14030 

14  59 

28  19 

0.75 

0.66 

Hiiscs 

19  05  01 

24  40 

0.12 

0.07 

C 14057 

17  10 

28  09 

0.149 

0.129 

]?(;!»2."> 

12  00 

24  36 

0.16 

0.19 

C 14090 

21    11 

28  14 

0.13 

0.09 

(■9797 

13  45 

25   11 

0.276  (2) 

0.270 

CI 4094 

21  41 

28  29 

0.15 

0.13 

]'.r)940 

14  01 

24   14 

0.144 

0.158 

CI 4376 

52  59 

29  25 

0.18 

0.14 

B7012 

21    17 

24  44 

0.697 

0.658B 

CI 0004 
B704G 

23  38 

24  33 

26  00 
24  28 

0.15 
0.151 

0.13 
0.170B 

Cincinnali  Observatory, 
Feb.  S,  1922. 

ADDENDUM  TO  A.J.   NO.   797, 
Professor  Hkrtzsprung  has  called  to  my  attention  that  the  faint  member  of  the  Taurus  Group  discussed  in 
the  Journal,  loc.  cit.,  had  earlier  been  recognized  by  Kapteyn  and  De  Sitter  as  probably  belonging  to  the 
group.     My  note  must  therefore  be  regarded  as  confirming  their  suggestion  and  considerably  amending  their 
value  of  the  proper-motion. 

George  C.  Comstock. 
April  2-5,  1922.  
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DIFFERENTIAL   REFRACTION    IN   POSITIONAL   ASTRONOMY, 

By  WILLIAM  B.  VARNUM.  * 


Early  in  the  nineteenth  century  meridian  observers 
noticed  certain  systematic  errors  in  star  positions 
which  were  ascribed  bj'  Bessel  and  DeBall,  among 
others,  to  variation  in  refraction,  apparently  of  a 
seasonal  nature.  Little  was  done,  however,  to  deter- 
mine the  nature  and  amount  of  these  errors  until  the 
latter  part  of  the  century,  when  Lewis  Boss,  Auweiis, 
and  Newcomh,  in  forming  their  fundamental  systen's 
of  positions,  recognized  tlie  existence  of  systematic 
errors  dependent  u])on  right-ascension,  the  seasonal 
effect,  and  upon  declination.  Various  suggestions  were 
made  as  to  the  physical  causes  of  these  errors  but, 
owing  to  the  difficulty  in  defining  the  effects  of  the 
various  sources  of  error  on  the  observations,  it  became 
the  common  practice  to  eliminate  them,  as  far  as 
possible,  by  proper  combinations  of  observations  and 
by  means  of  systematic  corrections  derived  from  com- 
parison with  a  fundamental  catalog  upon  the  assump- 
tion that  the  systematic  errors  had  been  eliminated, 
or  at  least  materially  reduced,  in  the  formation  of  the 
fundamental  catalog  by  the  combination  of  observa- 
tions from  various  sources,  taken  with  different  instru- 
ments, under  widely  differing  conditions  and  reduced 
by  different  methods.  Thus  were  introduced  into 
Positional  Astronomy  the  well-known  corrections  Aa^, 
Aat,  A5a,  and  A6-:.  The  two  terms  deiKmdent  upon  a 
have  the  form  (  (/  sin  a  +  />  cos  a  -|-  c  sin  2a  +  d  cos  2a). 

In  seeking  an  explanation  of  the  Kimura  term  in 
tlie  variation  of  latitutle  Rt)ss  (1)  suggested  in  1912 
the  possibility  of  a  "secular  refraction  starting  at 
sunset"    or    a   seasonal    refraction    effect   of   the   form 

r  =  a  +  li  cos  O  -|-  7  sin  O 
In  the  same  year  Tuckek  (2)  i)ul)lislu'd  a  discussion  of 
the  position  of  the  mire  at  Mt.  Hamilton  deriving  a 
set  of  empirical  corrections  necessary  to  reduce  the 
observations  of  the  early  hours  of  the  night  to  a  stand- 
ard value.     In  1913  the  same  writer  (3),  in  a  paper  on 

^Antronomiscliv  Nachrichlvn  19',i,  142,  1912. 
'^Lick  Observatory  Bullcliit  7,  41,  1912. 
'•^Lick  Ohscroalonj  Bulldin  7,  130,  1913. 


"Diurnal  Variation  of  Refraction  at  Mt.  Hamilton," 
established  a  difference  in  the  effect  of  refraction  be- 
tween daytime  and  night  observations,  which  might 
be  expressed  in  terms  of  a  correction  of  the  Pulkova 
refraction  constant.  In  his  paper  he  says,  "This 
difference  does  not  depend  upon  barometric  pressure, 
nor  upon  temperature  nor  upon  the  changes  of  tem- 
perature during  the  observing  hours."  Yet,  later  in 
the  article,  he  offers  a  possible  explanation  of  the 
phenomenon  on  the  basis  of  the  difference  in  the  effects 
of  temperature  changes  on  the  upper  and  lower  air 
strata  and  notes  that  this  supposition  would  bring 
daytime  refractions  into  closer  accord  with  the  night. 

In  the  same  year  the  author  found  a  similar  diurnal 
teini  in  the  clock  corrections  derived  from  the  12-hour 
and  24-hour  groups  of  stars  at  San  Luis.  In  the  Year 
Book  of  the  Carnegie  Institution  of  Washington  for 
1913  are  given  the  values  of  this  term  for  each  hour  of 
the  (lay,  for  each  of  the  four  seasons  of  the  year,  and 
the  mean  values  for  the  twenty-two  months  of  ob- 
serving at  San  Luis.  In  discussing  these  observations 
there  did  not  seem  to  be  sufficient  justification  for 
attempting  to  eliminate  this  term  as  the  Riefler  clock 
was  not  under  control.  When,  however,  the  same 
term  was  found  in  clock  corrections  derived  from  the 
Albany  observations  where  the  new  Reifler  clock  was 
running  under  perfect  control,  it  appeared  that  the 
diurnal  effect  could  not  be  due  to  the  clock.  This 
Ijelief  was  strengthened  by  finding  the  same  phenome- 
non in  the  Greenwich  observations  of  1907-8,  where 
two  clocks  were  employed;  in  the  Pulkova  observa- 
tions of  1894-6,  where,  also,  two  clocks  were  used; 
and  in  the  Cape  1900  observations.  The  results  of 
these  tests  of  observations  made  at  other  observatories 
were  published  in  the  Year  Book  of  the  Carnegie 
Institution  for  1920.  The  same  effect  has  been  noted 
by  Tucker  at  Mt.  Hamilton  and  by  Eichelbergeii 
at  Washington  where  at  least  two  clocks  were  used. 
Thus,  in  the  observations  of  seven  widely-sei^arated 
institutions  employing  at  least  ten  different  clocks  the 
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saiiu'  tt'nu  has  hoi'ii  I'uuiul.  It  luis  \)vri\  mist 0111:11  y, 
lierotufore,  to  ascril)0  the  dimiial  riVcct  in  (Iccliiialioii 
to  variation  in  refraction  ami  that  in  transits  to  tlic 
(■h)ck.  There  appear  to  be  no  series  of  observations 
which  arc  sufficiently  inclusive  to  form  the  basis  for  a 
general  discussion  of  the  diurnal  effect  other  than  those 
of  San  Luis  and  Albany.  In  these  tx^o  series,  niorninj!;, 
afternoon,  and  nisht  observations  are  made  of  all  stars 
briglit  enough  to  be  visible  with  sky  illumination. 
Not  being  confined  to  a  few  selected  stars,  and  those 
stars  observed  on  selected  dates,  our  observations  are 


free  from  personal  bias  and  give  a  true  representation 
of  the  tliurnal  phenomenon.  In  tiie  following  tables  arc 
exhil)ited  the  form  and  values  of  this  term  for  various 
combinations  and   stations. 

In  Table  A  are  given  tiie  seasonal  values  of  the 
.term,  togelher  with  the  mean  from  all  for  the  San  Luis 
station.  The  first  column  gives  the  values  derived 
from  the  curves  wiiiie  the  second  gives  the  computed 
values  exiiandcd  by  the  formula  given  below.  There 
can  be  no  doubt  that  a  sin  MT  +  cos  MT  +  sin  2  MT 
+  cos  2  MT  formula  fits  the  curves  very  closely.     In 


TABLE    A 

DIURNAL    TERM    IN    TRANSITS 

Sail  Luis  Reifier  No.  8S 


^hu•.  -  May 

JulK'  - 

-  Ml!i. 

Sopt.  - 

Nov. 

Dec.  -  Feb. 

Mean 

M.  T. 

Curve        Coinp. 

Ciirvi' 

Comp. 

( 'urvc 

Comp. 

Curve        Comp. 

Curve         Com]). 

h 
0 

+  0.004    +0.008 

+  0.018 

+  0.019 

+  01)12 

+  0.010 

s                     s 

+  0.028    +0.033 

+  0'010    +0.018 

1 

+         0+10 

+       25 

+       25 

+       13 

+       14 

+       31    +       37 

+       19    +       21 

2 

+         S    +       11 

+       30 

+       28 

+       14 

+       17 

+       34    +       40 

+       22    +       24 

3 

+       10    +       10 

+       32 

+       28 

+       Hi 

+        19 

+       39    +       30 

+       24    +       24 

4 

+       11    +       10 

+       27 

+       25 

+        IN 

+        19 

+       44    +       32 

+      20   +      22 

5 

+       11    +         9 

+       13 

+       20 

+        19 

+       17 

+       37    +       20 

+       21    +       18 

G 

+       10    +         7 

+         0 

+       14 

+        19 

+       14 

+       19    +       21 

+       14    +       14 

7 

+         4    +         G 

+       13 

+         8 

+       12 

+        10 

+         5    +       15 

+         8+9 

8 

+         4    +         0 

+         8 

+         2 

+         2 

+         5 

+         4+9 

+         4    +         5 

9 

0   +         5 

_         •> 

_         2 

-        10 

0 

+         7+4 

1+2 

10 

3+4 

() 

4 

—         7 

4 

+         3    +         1 

3    -         1 

11 

+         0    +         3 

(i 

() 

3 

7 

-         4    -         7 

2    -         4 

12 

+         8   +         i 

—         7 

—         7 

4 

-        10 

-       U    -       12 

4    -         0 

13 

+         5    -         I 

-         S 

-          8 

-         () 

-        11 

-       10    -       17 

0    -         8 

14 

1-4 

10 

-         9 

-         9 

-       11 

-       20    -       25 

10    -        10 

15 

-         8    -         t) 

11 

11 

-       12 

-        11 

-       23    -       25 

-       12    -       13 

16 

-       14    -         8 

-        12 

13 

14 

-        10 

-       20    -       20 

-       10    -       14 

17 

-        In    -         9 

-       14 

15 

-       13 

10 

-       20    -       25 

-       17    -       14 

IS 

-        12    -         9 

-       14 

15 

-       12 

-         8 

-       20    -       21 

-       16    -       13 

19 

—         5    —         7 

11 

11 

—          8 

—         7 

-       17    -       13 

-       11    -       11 

20 

0    -         5 

1  1 

10 

4 

-         5 

+         4-4 

3"-         0 

21 

+         2-2 

—         5 

1 

0 

_         2 

+       10   +        7 

+         3               0 

22 

+         3    +         1 

+         2 

+         3 

+         4 

+         2 

+       22    +         9 

+         8    +         0 

23 

+  0.003    +0.003 

+  0.010 

+    0.01 1 

+  0.008 

+  0.007 

+  0.025   +0.017 

+  0.012   +0.013 

A|.r. 

(•   =   +0.0019 

+  0.0083 

Jul. 

=   +0.0027 

+  0.0140 

Oct. 

=   +0.0015 

+  0.01 12 

Jan. 

=   +0.0052 

+  0.0206 

All 

=   +0.0032 

+  0.0136 

cos  MT 

+  0.0033 
+  .0127 
+  .0098 
+  .022() 
+    .0121 


sill  2  MT 

+  0.0003 
+  .0059 
+  .0023 
+  .()()()() 
+    .0(121 


CO,-  2  MT 

+  0.0028 
+  .0034 
-  .0013 
+  .0052 
+  .0030 
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Table  B  are  given  the  mean  values  for  Albany  and 
San  Luis  for  the  two  Riefier  clocks  covering  the  whole 
period  of  observation.  No.  88  was  mounted  three 
times  and  was  never  under  control:  No.  218  was 
mounted  once  and  was  always  under  perfect  control: 
yet,  these  four  conditions  of  the  clock  give  similar 
forms  of  the  diurnal  effect.  These  values,  also,  cor- 
respond well  to  a  single  and  double  sine  and  cosine 
formula. 

TABLE  B 

•  DIURNAL  TERM    IN   TRANSITS 

Albany     Reiflcrs  No.  88  .and  No.  218 


H 
§ 

No.  88 
1907    —    8       1911  —  13 
Obs'fl    Conip.   Ob.s'd    Comp. 

No.  218 
1915  —  IS 
Obs'd    Comp. 

Mean 
S.  Luis-Albany 
Obs'd    Comp. 

h 

0.5 

' 

» 

, 

+0.002+0.004 

8                    3 

+0.002+0.004 

1.5 

-1-0.008-0.005 

+0.080+0.0.50 

+       7  + 

6 

+      11+        7 

2.5 

- 

19 

0 

5  + 

10 

-       18+      10 

3.5 

— 

3-1- 

s 

+ 

47+      49 

+        4  + 

12 

T         5+      12 

4.5 

+ 

27  + 

18 

+ 

40+      40 

+      22  + 

13 

+      24+      14 

5.5 

-t- 

47-1- 

26 

+ 

19+      32 

+      21  + 

13 

+      24+      14 

6.5 

-1- 

63-1- 

33 

+ 

21+       17 

+      13  + 

13 

+      20+      15 

7.5 

- 

5  + 

35 

+ 

8+       12 

+      14  + 

13 

+      10+      15 

8.5 

-1- 

19  + 

31 

+ 

10+       11 

+        7  + 

13 

+        9+      14 

9.5 

-1- 

15  + 

20 

+ 

19+       13 

+      13  + 

13 

+      14+      14 

10.5 

+ 

2  + 

6 

+ 

26+      20 

+      11  + 

13 

+      10+      13 

11.5 

+ 

8- 

10 

+ 

27+      27 

+      10  + 

13 

+      12+      11 

12.5 

+ 

1- 

23 

+ 

24+      31 

+      17  + 

12 

+      12+        9 

13.5 

- 

23- 

34 

+        6  + 

10 

+        3+        6 

14.5 

- 

70- 

41 

+      15  + 

7 

+      10+        2 

15.5 

- 

.57- 

41 

+        2  + 

3 

-7-2 

16.5 

- 

32- 

37 

3- 

3 

—        7—        7 

17.5 

31- 

28 

-      18- 

8 

-      20-      10 

18.5 

7- 

21 

- 

15-       12 

5- 

11 

6-      12 

19,5 

— 

7- 

13 

- 

22-       15 

-      12- 

14 

-      12-      13 

20.5 

— 

10- 

9 

+ 

4-       12 

-      12- 

14 

-      10-      12 

21.5 

— 

6- 

7 

+ 

11-        4 

-       18- 

12 

-      13-      10 

22.5 

-0.015-0.004 

+ 

10+      11 

-       19- 

8 

-      15-        6 

23.5 

-0.018+0.022 

+0.022-0.003 

+0.016-0.002 

i-in  MT       cos  MT 

?in2MT    ros2MT 

1907-08, 

C  = 

-0.0049 

+0.0277     +0.0043 

-0.0144     -0.0079 

1911-13 

= 

+  .0201 

+  .0158     +  .0015 

+   .0187     +   .0110 

1915-18 

= 

+   .0038 

+   .0113      -    .0067 

+   .0039     +   .0021 

1907- 

18 

= 

+   .0 

034 

+   .0129 

-    .0046 

+ 

.0018     +  .0018 

In  Table  C  are  given  the  mean  values  of  the  four 
meteorological  co-efficients  of  the  atmosphere.  These 
values  are  mean  annual  values  for  each  hour  of  the  day 
and  are  compiled  from  the  reports  of  the  New  York 
Meteorological  Observatory.  The  effect,  also,  of  bar- 
ometer and  thermometer  on  the  Pulkova  refractions  is 
given.  The  first  column  in  each  group  gives  the 
observed  value,  the  second  the  diurnal  term  in  the 
observed,  and  the  third  the  iliurnal  term  computed  by 


the  same  formula  used  to  represent  the  similar  term  in 
the  clock-corrections.  The  diurnal  term  in  zenith-dis- 
tance, shown  in  a  later  table,  is  of  similar  form.  In  other 
words,  the  phenomenon  found  in  the  observed  transits 
and  the  observed  zenith-distances  is  of  the  same  form 
as  that  shown  to  exist  in  the  meteorology,  a  natural 
phenomenon  of  the  form  a  sin  MT  -|-  b  cos  MT 
+  c  sin  2MT  +  d  cos  2MT.  Therefore  it  would  seem 
unreasonable  to  attribute  systematic  error  in  transits 
to  as  perfect  a  piece  of  mechanism  as  the  modern 
astronomical  clock  and  to  seek  a  widely  different  reason 
for  a  similar  term  in  zenith-distances.  In  view  of  the 
similarity  between  the  diurnal  term  in  transits  and 
zenith-distances  and  the  diurnal  changes  in  the  state 
of  our  atmosphere,  is  it  not  the  most  natural  course  to 
examine  our  observations  for  a  refractional  effect? 

But  to  find  a  logical  explanation  of  the  diurnal  term 
it  is  necessary  to  disregard  the  conclusions  of  many 
writers  on  refraction,  to  modify  the  theory  on  which 
all  our  refraction  tables  have  been  based  and  assume 
that  there  is  a  varying  •prismatic  effect  due  to  the  changes 
in  the  fitrata  of  our  atmosphere.  This  may  appear  rank 
heresy  until  the  reader  has  digested  the  results  pre- 
sented in  this  paper  but,  once  digested  and  absorbed, 
it  must  appear  a  very  natural  and  logical  explanation 
for  part,  at  least,  of  this  troublesome  phenomenon. 
It  is  evidently  wrong  to  assume  that  the  strata  of  the 
atmosphere  are  horizontal  with  the  Earth's  surface  and 
to  neglect  the  consideration  of  a  changing  prismatic 
effect.  In  fact,  examination  of  twenty-two  series  of 
observations  extending  over  two  years  leads  to  the 
conclusion  that  the  term  "Anomalous  Refraction" 
should  really  l)e  applied  to  the  rare  case  when  there  is 
no  change  in  the  prismatic  effect  of  the  atmosphere, 
that  this  prismatic  effect  gives  rise  to  a  differential  of 
the  vertical  refraction  and  aiTects  both  our  right- 
ascensions   and   declinations. 

Let  PV  represent  the  prime  vertical,  MA^,  the 
meridian,  and  Z,  the  zenith.  Imagine  the  atmosphere 
to  be  so  constituted  that,  due  to  causes  to  be  con- 
sidered later,  it  produces  a  changing  prismatic  effect 
upon  the  rays  of  light  from  the  star  and  let  AB  rep- 
resent the  direction  of  this  prismatic  displacement. 
Call  /i  the  index  of  refraction,  as  it  were,  of  the  air. 
If  fi  remained  constant  we  would  have  just  F^  as  a 
constant  correction  to  the  vertical  refractions  alread.y 
applied.  But  we  assume  that  fi  varies  with  the  time 
of  day  and  wc  call  the  rate  of  change  of  n,  p.  So  we 
have  a  second  term  Ffip.  As  will  be  seen  from  the 
figure,  when  p  is  positive  the  star  is  apparently  at  Z', 
while  when  p  is  minus  the  star  is  apparently  at  Z". 
Or,  for  +p  the  apparent  meridian  is  east  of  the  true 
MN,  the  stars  transit  too  early  an<l  we  have  to  apply 
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TABLE  C 
DIURNAL  TERMS  IN   METEOROLOGY 


H 

Barometer 

Shade  Temp. 

Hysrmnotor 

S 

li        Diur.    Comp. 

T     Diur.Comp. 

11    Diur.Comp. 

b 
0 

29.937  +0.007  +0.007 

+56.2  +2.2  +2.4 

68.0  -4.8  -4.9 

1 

.922  - 

8  - 

4 

+57.2  +3.2  +3.5 

06.0  -6.8  -7.1 

2 

.913  - 

17  - 

15 

+.58.4  +4.2  +4.3 

64.5  -8.3  -8.6 

3 

.907  - 

23  - 

22 

+.58.6  +4.6  +4.6 

63.7  -9.1  -9.2 

4 

.905  - 

25  - 

2(i 

+58.6  +4.6  +4.5 

63.6  -9.2  -8.9 

5 

.908  - 

22  - 

24 

+58.1  +4.1  +4.0 

64.4  -8.4  -7.8 

6 

.913  - 

17  - 

IS 

+.57.2  +3.2  +3.1 

66.3  -6.5  -6.1 

7 

.920  - 

10  - 

10 

+56.0  +2.0  +2.2 

69.0  -3.8  -4.0 

8 

.928  - 

2  - 

1 

+55.0  +1.0  +1.2 

71.4  -1.4  -1.9 

9 

.930  + 

6  + 

6 

+54.2  +0.2  +0.3 

73.2  +0.4  +0.1 

10 

.936  + 

6  + 

9 

+53.6  -0.4  -0.7 

74.5  +1.7  +1.8 

11 

.938  + 

8  + 

S 

+53.0  -1.0  -1.3 

75.7  +2.9  +3.2 

12 

.935  + 

5  + 

5 

+52.4  -1.6-1.7 

76.9  +4.1  +4.3 

13 

.930 

0 

0 

+51.9  -2.1  -2.3 

77.8  +5.0  +5.2 

14 

.928  - 

2  - 

5 

+51.4  -2.6  -2.8 

78.9  +6.1  +6.0 

15 

.925  - 

5  - 

7 

+51.0  -3.0  -3.2 

79.3  +6.5  +6.6 

16 

.924  - 

6  - 

6 

+.50.6  -3.4  -3.5 

79.9  +7.1  +7.1 

17 

.926  - 

4  - 

1 

+50.4  -3.6  -3.7 

80.4  +7.6  +7.3 

18 

.936  + 

6  + 

7 

+50.3  -3.7  -3.7 

80.2  +7.4  +7.1 

19 

.946  + 

16  + 

15 

+50.8  -3.2  -3.4 

79.2  +6.4  +6.3 

20 

.951  + 

21  + 

22 

+51.7  -2.3  -2.7 

77.4  +4.6  +4.9 

21 

.955  + 

25  + 

25 

+52.8  -1.3  -1.7 

75.2  +2.4  +2.9 

22 

.958  + 

28  + 

24 

+53.8  -0.2  -0.5 

73.5  +0.7  +0.4 

23 

.950  +0.020  +0.018 

+55.0  +1.0+1.1 

70.3  -2.5  -2.3 

f/o.  / 


M  M  /if 


N   N  N 


TABLE   C 
DIURNAL  TERMS  IN   METEOROLOGY 


Sim  Temp. 
S.  T.    Diur.  Comp, 


+89.8 
+91.0 
+89.4 
+84.4 
+77.6 
+69.4 
+62.3 
+57.9 
+55.0 
+54.2 
+53.6 
+.53.0 
+52.4 
+51.9 
+51.4 
+51.0 
+.')0.6 
+.'-12.0 
+.')3.5 
+.'i7.5 
+64.6 
+74.0 
+83.2 
+S7.S 


+24.5 
+25.7 
+24.1 
+  19.1 
+  12.3 
+  4.1 

-  3.0 

-  7.4 
-10.3 
-11.1 
-11.7 
- 12.3 
-12.9 
-13.4 
-13.9 
-14.3 
-14.7 
- 13.3 
-11.8 

-  7.8 

-  0.7 
+  8.7 
+  17.9 
+22.5 


+25.8 
+26.3 
+23.8 
+  18.6 
+  11.7 
+  4.5 

-  2.1 

-  7.2 
- 10.5 
-12.0 
-12.3 
-12.2 
-12.2 
- 12.2 
-13.6 
-14.7 
-15.1 
-14.2 
-11.3 

-  6.3 
+  .05 
+  8.3 
+  15.9 
+22.1 


Shade  Temp. 

Relative  Refr. 

Rcfr.        p     Comp. 


Sim  Temp. 

Helativp  Refr. 

Rofr.       p     Comp. 


0.9971 
47 
20 
15 
14 
28 
44 
69 
0.9991 
1.0010 
22 
34 
45 
53 
62 
69 
77 
81 
87 

SO 
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46 

25 

1.0001 


0.21 
.27 
.05 
.01 
.14 
.16 


0.23 
.15 
.06 
.03 
.12 
.17 


+  .25  +  .20 
+  .22  +  .20 


+  .12 

+  .11 

+  .08 

+  .09 

+  .07 


+  .18 

+  .15 

+  .12 

+  .10 

+  .09 

+  .09 

+  .08 


+  .08  +  .07 
+  .04 


0.9356 

.9330 

.9355 

.9441 

.9561 

.9711 

.9816 

.9938 

0.9991 

1.0010 

.0022 

.0034 

.0045 

.0053 

.0062 

.0069 

.0077 

.0073 

1.0024 

0.9949 

9815 

9644 

9478 

0.9373 


-0.26 
+  .25 
+  .86 
+  1.20 
+  1..50 
+  1.35 
+  .92 


+  .OS 
+  .09 
+  .07 
+  .08 

-  .04 

-  .49 

-  .75 
-1.34 
-1.71 
-1.66 
-1.05 

-  .17 


-0.15 
+  .43 
+  .91 
+  1.23 
+  1..32 
+  1.22 
+  .96 
+  .63 
+  ..32 
+  .10 
.00 
+  .02 
+  .10 
+  .18 
+  .19 
+  .07 

-  .18 

-  .54 

-  .93 
-1.26 
-1.44 
-1.41 
-1.16 

-  .71 


sin  MT  cos  MT     MT 


cos  2 
MT 


B.irometer        Diurnal  =  +0.0003-0.0126+0.0014-0.01.52  +0.0059 
Shade  Temp.   Diiu-n.al= +0.10     +3..33     +  2.05   +0.71      +0.28 
HyKrometer     Diurnal  = +0.09     -6.61     -  4.59   +1.40     -0.40 
Sun  Temp.       Diurnal  =+0.05     +4..5S     +18.95+1.89     +6.75 
Shade  Temp.pDiurnal  =     0.000   +0.133    -  0.1.59+0.052    -0.068 
Sun  Tcnip.p.    Diurnal  =  -0.004   +0.943   -  0.127+0.653    -0.018 


!i  p;roat:Cr  Ai  to  the  transits,  while  for  —  p  the  apparent 
meridan  is  west  of  MN,  the  stars  transit  too  late  and 
we  ha\e  (o  apply  a  smaller  Ai  to  the  transits.  Similar 
reasoning  will  apply  to  zenith-distances.  The  dis- 
tanoes  zz'  and  zz"  can  l>e  resolved  into  their  rectangular 
coordinates  a  and  h:  a  is  considered  the  sine  com- 
ponent- and  h  (lie  co.^ine  component.  The  sine  com- 
ponent is  the  .shift  in  zenitli-distance  and  the  cosine 
comjionent,  tlie  sliift  in  right-ascension.  The  total 
effect  7.S  esKevtinlly  a  shift  of  the  meteorological  zenith. 

Now  let  us  consider  what  will  he  the  effect  of  this 
assunijitioii  on  the  observed  positions  of  the  stars. 
In.'isniuch  as  we  iiavc  already  dealt  with  vertical  re- 
fraction in  the  zenith-distances,  we  will  first  take  up 
the  effect  in  that  coordinate.  The  "constant"  of 
refraction  is  not  the  same  for  two  stations.     It  is  cus- 
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toniary  to  apply  to  our  olj.siTvatioiiis  a  fonx'ction  of  the 
form 

AR  =  True  R  -  C'ominited  A',  =  CR^ 

where  C  is  a  constant  and  fie  is  the  computed  refrac- 
tion. To  this  we  propose  to  add  the  differential  of 
the  vertical  refraction,  dR  =  x  sec-  z,  when  the  second 
order  term  is  not  taken  into  account.  From  the  re- 
sults of  a  preliminary  investigation,  however,  it  was 
found  that  the  second  order  term  became  appreciable 
at  low  zenith-distance,  hence 

(IRi  =  X  sec- J  (1.00232    -.003486  sec- 5) 


dRi  =  xF'  where  F'  =  aec^  z  (1.00232  -  .003486  sec-j) 

F'  can  be  tabulated  once  for  all. 

The  next  step  is  to  find  some  connection  between 
this  formula  and  the  state  of  the  atmosphere.  Those 
who  have  attempted  to  use  a  barometric  gradient 
scaled  off  from  a  weather  map  have  met  with  failure 
as  was  to  be  expected,  for,  as  any  practical  astronomer 
knows,  the  rate  of  change  of  the  barometer  has  little 
effect  upon  the  computed  refractions.  It  is  the  tem- 
perature change  which  is  the  controlHng  factor  as 
far  as  a  gradient  i.s  concerned.  Compare  refractions 
for  some  barometric  gradient  on  a  cold  winter  night 
with  a  hot  summer  night.  The  winter  night  gives  an 
ascending  gradient  with  high  refractive  power  while 
the  summer  night  gives  an  ascending  gradient  with 
low  refractive  power,  which  in  itself  would  produce  in 
our  observations  a  seasonal  effect.  The  temperature, 
then,  and  not  the  barometer,  is  the  controlling  factor. 
However,  there  is  a  much  better  way  of  using  meteorol- 
ogy in  connection  with  refraction.  We  have  already 
tabulated  the  corrections  to  the  log  m  tan  z  of  Pulkova. 
We  have  used  them  in  computing  vertical  refractions, 
so  they  will  surely  be  good  enough  to  compute  differ- 
ential refraction,  and  the  transformation  is  quite 
simple. 

Let  us  assume  that  the  Pulkova  Tables  represent  1.0 
times  the  refraction  at  standard  (i  and  7.  Then  apply- 
ing log  corrections,  derived  from  Tables  III,  V,  VII  of 
Pulkova  Tables,  to  the  log  1.0  and  taking  out  tin; 
natural  number  corresponding  to  the  resulting  log- 
arithm, we  get  the  relative  refraction  for  our  station 
for  each  period  of  observation,  the  value  /n.  From 
these  relative  values  of  the  refraction  we  can  form  the 
hourlj^  differences,  or  hourly  rate  of  change  of  the 
refraction,  p.  In  order  to  refer  the  p's  on  different 
nights  to  the  same  standard,  we  form  ixp.  Both  /x  and 
lip  will  produce  a  differential  effect  upon  the  zenith- 
distances,  so  we  have  as  the  full  formula  for  investi- 
gating the  observations 


dR,  =  e'F'ix  +  f'F'iip 

The  differential  refraction  will  effect  the  oliscrvations 
with  different  signs  depending  on  whether  north  or 
south  zenith-distances  are  read:    that  is 

for  positions  AE  and  BW,  dRi  =  +e'F'ii  -\-  f'F'iip 
and  for  positions  .4 11''  and  BE,  dRi  =  —  e'F'p,  —  f'F'np 
the  vertical  refractions,  however,  have  had  their  signs 
changed  to  conform  with  tan  z,  so,  if  we  use  the  for- 
mula with  the  positive  sign,  we  will  come  out  with 
—  dR  for  north  zenith-distances,  and,  if  we  bear  this  in 
mind  when  we  come  to  examine  the  effect  of  dR  in  the 
mean,  we  will  not  be  led  into  error.  We  thus  have  for 
our  complete  correction,  due  to  the  atmosphere,  in 
zenith-distance 


dR  =  CRc  +  e'F'fi  +  f'F'tip 


(1) 


In  the  formation  of  the  normal  equations  Re/ 100  and 
100  p  were  found  to  be  more  convenient  than  R  and 
p,  and  were  used. 

Using  the  refractional  \alue  of  the  atmosphere  as 
given  for  the  zenith-distances,  the  form  of  the  cor- 
rection for  differential  refraction  in  right-ascension  is 

dR  =  e  ■  sec  z  ■  sec  5  •  /j  +  /  •  sec  2  •  see  5-  jup 

or,  if  we  wish  to  take  into  account  the  second  order 
terms, 

dR  =  sec  5  •  sec  2(1  -  .00116  sec-' 2)  (c/x  +  fixp) 

or,  letting 

F  =  sec  5    sec  z  (1   -.00116  sec=  2) 


dR  =  eFn  +  JFixp 


(2) 


which  is  quite  similar  to  the  formula  for  zenith-dis- 
tances. Formulae  (1)  and  (2),  then,  are  the  expressions 
which  should  be  used  to  correct  our  observations  for 
the  prismatic  effect  of  the  Earth's  atmosphere.  The 
Fp.  term  is  the  "drift"  for  the  period  under  discussion 
and  should  account  for  a  large  part,  if  not  all,  of  the 
Kimura,  or  z,  term  in  the  variation  of  latitude.  It  also, 
takes  out  part  of  the  "seasonal"  effect.  The  Fnp 
term  is  the  "diurnal"  term  anil  also  takes  out  the  rest 
of  the  "seasonal"  effect. 

Having  thus  derived  the  formuhe  for  the  effect  dR 
will  have  upon  the  observations  in  zenith-distance 
and  right-ascension  and  having  shown  how  to  con- 
nect the  formulae  with  the  meteorology,  we  next  apply 
(1)  and  (2)  to  the  twenty-two  observational  stretches 
selected  for  this  tentative  investigation,  and  derive  the 
results  shown  in  Table  D.  In  this  table  are  exhibited 
the  Albany  Mean  Time;  number  of  observations, 
original  diurnal  term,  original  diurnal  term  corrected 
for  the  various  corrections  treated  of  in    this  paper. 
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TABLE   D 
Albany     RiefliT  No.  218 


A.  M.  T. 

Zenith  Distance 

Orig.    Corrd. 
Obs.       Diur.    Diur.    C-O 

Transits 
Orig.    Corrd. 
Diiir.     Diur.      C-O 

h     m 
23  44  D' 

3 

+0.09 

+0.35   +0.26 

+0.41 

+0.25   -0.16 

1  16  D 

6 

-0.54 

-0.22   -0.32 

+0.15 

+0.02   -0.13 

2    8  D 

10 

+0.08 

+0.07   -0.01 

+0.32 

+0.03   -0.29 

3    3  D 

26 

+0.31, 

+0.06   -0.25 

-0.11 

-0.21    +0.10 

4    3  D 

93 

-0.08 

-0.11   +0.03 

+0.26 

+0.18   -0.08 

5    0  D 

55 

+0.01 

+0.()t)   +0.05 

+0.38 

+0.07   -0.31 

5  50  D 

30 

-0.13 

-0.25  +0.12 

+0.35 

+0.09   -0.26 

7    6  D 

43 

+0.G5 

+0.09   -0.56 

+0.47 

+0.05   -0.42 

8    4  D 

22 

+0.65 

+0.10   -0.55 

+0.71 

+0.17   -0.54 

8  43  D 

1 

+  1.89 

-0.56   -1.33 

-0.03 

-0.03      0.00 

5  18  N 

7 

+0.18 

+0.31   +0.13 

+0.11 

+0.41    +0.30 

6    2  N 

35 

+0.39 

+0.33   -0.06 

-0.26 

-0.08   -0.18 

7    6  N 

117 

+0.46 

+0.23   -0.23 

-0.03 

-0.06   +0.03 

8    2  N 

212 

+0.50 

+0.19   -0.31 

-0.57 

+0.02    -0.55 

8  58  N 

245 

+0.35 

+0.14   -0.21 

+0.08 

+0.01    -0.07 

10     1  N 

237 

+0.37 

+0.16   -0.21 

+0.07 

+0.07   -0.00 

HON 

200 

+0.32 

+0.04   -0.28 

+0.13 

+0.06   -0.07 

11  59  N 

120 

+0.57 

+0.27   -0.30 

-0.05 

+0.10  +0.05 

12  57  N 

78 

+0.27 

+0.16   -0.11 

-0.09 

-0.08   -0.01 

14     1  N 

31 

+0.19 

+0.01    -0.18 

+0.27 

+0.30  +0.03 

15    0  N 

37 

-0.04 

+0.12  +0.08 

+0.09 

+0.06   -0.03 

15  57  N 

22 

-0.10 

+0.03   -0.07 

+0.11 

-0.04   -0.07 

16  46  N 

13 

+0.25 

+0.32  +0.07 

+0.12 

+0.04   -0.08 

18  11  N 

23 

+0.08 

0.00   -0.08 

+0.10 

+0.05   -0.05 

18  32  N 

5 

-0.28 

-0.21    -0.07 

+0.51 

+0.51       0.00 

IS  IS  D 

4 

-0.48 

-0.44    -0.04 

-0.37 

-0.22   -0.15 

19     2  D 

44 

+0.22 

+0.17    -0.05 

+0.05 

+0.16  +0.11 

20    2  D 

46 

+0.14 

-0.09   -0.05 

-0.55 

-0.31    -0.24 

20  56  D 

48 

+0.29 

+0.33   +0.04 

-0.01 

+0.07   +0.06 

22     1  D 

33 

-0.10 

-0.18   +0.08 

-0.10 

-0.19   +0.09 

22  49  D 

19 

+0.23 

+0.07    -0.16 

-0.22 

-0.26   +0.04 

D  I'M 

289 

+0.13 

+0.03   -0.10 

+0.33 

+0.09    -0.24 

N 

1382 

+0.37 

+0.10   -0.27 

+0.03 

+0.04   +0.01 

D  .\M 

194 

+0.15 

+0.07    -0.08 

-0.17 

-O.OS    -0.09 

D  .Ml 

183 

+0.14 

+0.04    -O.U) 

+0.13 

+0.02    -0.11 

i\  -  D 

+0.23 

+0.06    -0.17 

-0.10 

+0.02    -O.OS 

•,and  (C  —  O).  This  last  is  in  the  sense  of  reducing 
the  residuals  numerically,  and  not  alj^ehraically,  which 
accounts  for  the  preponderance  of  minus  signs.  The 
residuals  for  transits  are  in  the  form  15"/;  cos  5. 


In  Table  I'],  the  same  residuals  are  used  but  no  dis- 
tinction is  made  as  to  day  or  night  observations.  It 
gives  the  original  diurnal  term,  diurnal  term  computed 
from  original  by  single  and  double  sine  and  cosine 
formula,  (O-C)i,  diurnal  term  corrected  for  dR,  diurnal 
term  computed  from  the  corrected  diurnal  term  as 
above,  and  (0-C)2.  In  Table  D  we  see  that  flie  throe 
groups  have  been  brought  nearer  together  and  the 
(N-D)  has  been  subdantiaUy  reduced. 

For  zenith  distance;  in  E  we  have 

sin  MT    cos  MT    sin  2  MT  cos  2  M'l' 
Compi  =  +0".1(;3  +0".073  -O'MGS  -0".143  -0".004  (Ori{!;in:il) 
Comps  =  +0  .082  +0  .087  -0  .109  -0  .110  -0  .020  (.+dR) 
Comp2  =  +0  .082  -0  .014  -0  .060  -0  .034  +0  .016  (Residual) 

For  transits  in  E  we  have 

Compi  =  +0  .057  +0  .074  +0  .003  +0  .130  +0  .007  (Original) 
Cpmp3  =  +0  .039  +0  .0.58  +0  .057  +0  .084  +0  .007  i+dR) 
Comp2  =  +0  .019  +0  .010  -0  .053  +0    046  +0  .000  (Residual) 

Comp.3  is  tlerivetl  from  Table  Eo  from  columns  Am  and 
Atiji,  similarly  to  Comp.i  and  Conip.2,  by  single  pins 
double  sine  and  cosine  terms,  to  show  that  the  dR 
term  applied  follows  the  general  formula  used  in  dis- 
cussing the  meteorological  coefficients.  Comp.i  — 
Comp.3  gives  Comp.2  very  closely. 

For  the  investigation  of  the  residual  ihuiiuil  effect  in 
R.  A.  and  Decl.,  as  shown  under  corrected  diurnal 
effect  in  Tables  Es,  it  must  be  kept  in  mind  that  the 
Pulkova  Tables  do  not  take  into  account  the  relative 
humidity  of  the  atmosphere  and  also  that  shade  tem- 
peratures were  used  while,  as  a  matter  of  fact,  the  day- 
time ol)servations  were  not  made  in  the  shade  but  in 
sunshine.  In  order  to  show  what  effect  the  use  of 
these  terms  may  have  on  the  diurnal  term  let  us  refer 
to  Table  C.  We  have  no  from  shade  temperature  and 
//'  from  Sim  temperature,  and  we  can  form  //  —  po, 
ecpials  Apo,  by  subtracting  po  of  the  shade  temjx'rature 
from  p'  of  Sim  temperature.  We  can  also  form  a  p" 
from  the  diurnal  range  of  tlie  iiygrometer.  We  have 
used  Mo  in  our  work  on  the  Albany  observations  but 
we  wish  to  use  //'.  Let  us  form  p',  p'Apo  and  p'p"  as 
indicated  above  and  solve,  using  the  corrected,  or 
residual,  diurnal  term  of  ii,  and  m  as  given  in  Table 
Es  for  the  ?t's.     The  form  of  the  etpiation  will  then  be 

p'  +  /Af)^  +  p'p"  =  '*''  =  "'= 


Solving, 


Corrd.  Diur.  =  m's  =  +U.()4  I  p'  -0.021  fx'Ap'  +0.0i:>  p'i>' 
Corrd.  Diur.  =  «',  =  +0.01 1       +0.02.5  +0.014 


Substituting    these    values    in  the    values    of    resiiiual 
diurnal   terms  columns   (0-C).i   wen;  obtained.     Com- 


paring (0-C)4  of  Tabic;  E3  with  (O-C).  of  Tabh;  Ei  we 
find  that   out   of  -18  residuals,  45  agree  in  sign;    from 
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TABLE   El 
ZENITH    DISTANCES 


2.3     44 


6 

S 
3 
3 
2 
r.9 
0 

S       2 
S     fiS 


16     40 
IS     12 


,22     49 


OriR. 
Diur. 


Cnmp.i    (O-C)i 


Cnrrd 


Conip.2  (O-C), 


+0.09 
-0.54 
+0.0S 
+0.31 
-O.OS 
+0.03 
+0.15 
+0.51 
+0.51 
+0.30 
+0.37 
+0.32 
+0.57 
+0.27 
+0.19 
-0.04 
-0.10 
+0.25 
0.00 
+0.10 
+0.14 
+0.29 
-0.10 
+0.23 


+0.01 
-0.00 
-0.07 
-0.05 
+0.02 
+0.13 
+0.24 
+0.30 
+0.44 
+0.4S 
+0.47 
+0.41 
+0.33 
+0.24 
+0.15 
+0.09 
+0.00 
+0.00 
+0.10 
+0.12 
+0.14 
+0,14 
+0.10 
+0.00 


+0.0S 
-0.48 
+0.15 
+0.30 
-0.10 
-0.10 
-0.09 
+0.15 
+0.07 
-0.12 
-0.10 
-0.09 
+0.24 
+0.03 
+0.04 
-0.13 
-0.10 
+0.19 
-0.10 
+0,04 
0.00 
+0.15 
+0.20 
-0.17 


+0.35 
-0.22 
+0.07 
+0.00 
-0.12 
+0.09 
-O.OO 
+0.19 
+0.18 
+0.13 
+0.10 
+0.04 
+0.27 
+0.16 
+0.01 
+0.12 
+0.03 
+0.32 
-0.07 
+0.13 
-0.09 
+0.33 
-O.IS 
+0.07 


+0.04 

+0.31 

+0.02 

-0.24 

+0.00 

+0,07 

-0.00 

+0,00 

+0.00 

-0.12 

+0.02 

+0.07 

+0.05 

-0.11 

+0.09 

+0.10 

+0.12 

+0.00 

+0.15 

-0.02 

+0.10 

0.00 

+0.17 

-0.13 

+0.10 

+0.11 

+0.14 

+0.02 

+0.12 

-0.11 

+0.10 

+0.02 

+0.09 

-0.00 

+0.08 

+0.24 

+0.05 

-0.12 

+0.08 

+0.05 

+0.09 

-0.18 

+0.08 

+0.25 

+0.07 

-0.25 

+0.00 

+0.01 

TABLE   El 
TRANSITS 


A.  M.  T. 

Orig. 
Diur. 

Comp.i 

(O-C), 

Corrd 
Diiir. 

Comp,2 

(0-C)2 

h 

23 

44 

+0.41 

+0.04 

+0.37 

+0.25 

-0.04 

+0.21 

1 

0 

+0.15 

+0.16 

-0.01 

+0.02 

-0.00 

+0.02 

2 

8 

+0.32 

+0.22 

+0.10 

+0.03 

+0.02 

+0.01 

3 

3 

-0.11 

+0.24 

-0..35 

-0.21 

+0.04 

-0.25 

4 

3 

+0,27 

+0.23 

+0.04 

+0.19 

+0,05 

+0.14 

5 

2 

+0,35 

+0.19 

+0.10 

+0.11 

+0.04 

+0.07 

5 

59 

+0.02 

+0.12 

-0.10 

0.00 

+0,04 

-0.04 

7 

0 

+0.10 

+0.05 

+0.05 

-0.03 

+0.02 

-0.05 

8 

2 

+0.01 

+0.00 

+0.01 

+0.04 

+0.02 

+0.02 

8 

58 

-O.OS 

-0.02 

-0.06 

+0.01 

+0.02 

-0.01 

10 

1 

+0.07 

-0.02 

+0.09 

+0.07 

+0.03 

+0.04 

11 

0 

+0.13 

+0,01 

+0.12 

+0.06 

+0.05 

+0.01 

11 

59 

-0.05 

+0,00 

-0.11 

+0.10 

+0.07 

+0.03 

12 

57 

-0.09 

+0.10 

-0.19 

-0.08 

+0.09 

-0.17 

14 

1 

+0.27 

+0.13 

+0.14 

+0..30 

+0.10 

+0.20 

15 

0 

+0.09 

+0.13 

-0.04 

+0.00 

+0.09 

-0,03 

15 

57 

+0.11 

+0.10 

+0.01 

-0.04 

+0.07 

-0.11 

10 

40 

+0.12 

+0.00 

+0.06 

+0.04 

+0.05 

-0.01 

18 

12 

+0.03 

-0.04 

+0.07 

+0.01 

-0.00 

+0.01 

19 

0 

+0,10 

-O.OS 

+0.18 

+0.20 

-0.03 

+0.23 

20 

2 

-0,55 

-0.12 

-0.43 

-0,31 

-0.00 

-0.25 

20 

50 

-0.01 

-0.12 

+0.11 

+0,07 

-0.08 

+0.15 

.  22 

1 

-0.10 

-0.08 

-0.02 

-0.19 

-O.OS 

-0.11 

22; 

49 

-0.22 

-0.03 

-0.19 

-0.26 

-0.00 

-0.20 

TABLE  Ez 


Zenith  Distances 

Transits 

A.  M.  T. 

-Ana 

Comp.3 

(O-C)., 

—  Anj,    Comp.3 

(O-C), 

h          m 

23     44 

-0.26 

-0.04 

-0.22 

+0.16     +0.09 

+0.07 

1       0 

-0..32 

-O.OS 

-0.24 

+0.13     +0.16 

-0.03 

2       8 

+0,01 

-0.07 

+0.08 

+0.29     +0.20 

+0.09 

3      3 

+0.25 

-0.04 

+0.29 

+0.10     +0.20 

-0.10 

4      3 

+0.04 

+0.02 

+0.02 

+0.08     +0.19 

-0.11 

5      2 

-0.06 

+0.10 

-0.10 

+0.24     +0.14 

+0.10 

5     59 

+0.21 

+0.19 

+0.02 

+0.02     +0.09 

-0,07 

7       0 

+0..32 

+0.27 

+0.05 

+0.13     +0.03 

+0.10 

8       2 

+0..33 

+0.32 

+0,01 

-0.03     -0.02 

-0.01 

8     58 

+0.23 

+0..33 

-0.10 

-0.09     -0.04 

-0.05 

10       1 

+0.21 

+0..30 

-0.09 

0.00     -0.05 

+0.05 

11       0 

+0,28 

+0.25 

+0.03 

+0.07     -0.04 

+0.11 

11     59 

+0.31 

+0.17 

+0.13 

-0.15     -0.01 

-0.14 

12     .57 

+0.11 

+0.10 

+0.01 

-0.01     +0.02 

-0.03 

14       1 

+0.18 

+0.03 

+0.15 

-0.03     +0.04 

-0.07 

15      0 

-0.10 

-0.01 

-0.15 

+0.03     +0.04 

-0.01 

15     .57 

-0.13 

-0.02 

-0.11 

+0.15     +0.03 

+0.12 

16    46 

-0.07 

-0.02 

-0.05 

+0.08     +0.01 

+0.07 

IS     12 

+0.07 

+0.02 

+0.05 

+0.02     -0.03 

+0.05 

19      0 

+0,03 

+0.04 

-0.01 

-0.10     -0.05 

-0.05 

20      2 

+0,23 

+0.06 

+0.17 

-0.24     -0.00 

-0.18 

20     50 

-0.04 

+0.05 

-0.09 

-O.OS     -0.05 

-0.03 

22       1 

+0.08 

+0.03 

+0,05 

+0.09     -0.01 

+0.10 

22     49 

+0.16 

-0.00 

+0.16 

+0.04     +0.03 

+0.01 

TABLE   E3 


Zenith  Disliui'es 
Corr. 
M.T.    Diur.  Coinp.4  (0-C)4  (O-Os 

Transits 
Corr. 
Diur.  Comp.4  (0-C)4 

(0-C)2 

)i 

„ 

, 

, 

„ 

, 

, 

, 

, 

23,7 

+0.35 

-0.04  +0.39  +0.31 

+0.25  +0.01 

+0.24 

+0.21 

1.1 

- 

.22 

.00   - 

.22   - 

.24 

+ 

.02  + 

.01 

+ 

.01 

+  .02 

2.1 

+ 

.07 

+ 

.02  + 

.05   + 

.07 

+ 

.03 

.00 

+ 

.03 

+  .01 

3,0 

+ 

.0() 

+ 

.05  + 

.01    + 

.00 

- 

.21   + 

.01 

— 

.22 

-   .25 

4,0 

- 

.12 

+ 

.07   - 

.19   - 

.12 

+ 

.19  + 

.02 

+ 

.17 

+  .14 

5,0 

+ 

.09 

+ 

.08  + 

.01    + 

.07 

+ 

.11   + 

.04 

+ 

.07 

+  .07 

6.0 

- 

.00 

+ 

.09   - 

.15   - 

.11 

.00   + 

.06 

- 

.06 

-   .04 

7,1 

+ 

.19 

+ 

.11   + 

.08  + 

.10 

- 

.03   + 

.09 

- 

.12 

-   .05 

8,0 

+ 

.IS 

+ 

.10  + 

.08   + 

.00 

+ 

.04   + 

.09 

- 

.05 

+  .02 

9,0 

+ 

.13 

+ 

.08   + 

.05   - 

.02 

+ 

.01    + 

.10 

- 

.09 

-   .01 

10,0 

+ 

.16 

+ 

.06  + 

.10 

.00 

+ 

.07  + 

.09 

- 

.02 

+  .04 

11,0 

+ 

.04 

+ 

.06   - 

.02   - 

.13 

+ 

.0(5   + 

,09 

- 

.03 

+  .01 

12,0 

+ 

.27 

+ 

.06  + 

.21    + 

.11 

+ 

.10   + 

.08 

+ 

.02 

+  .03 

13,0 

+ 

.16 

+ 

.06   + 

.10   + 

.02 

- 

.08  + 

.08 

- 

.16 

-  .17 

14.0 

+ 

.01 

+ 

.06   - 

.05   - 

.11 

+ 

.30  + 

.08 

+ 

.22 

+  .20 

15.0 

+ 

.12 

+ 

.05   + 

.07   + 

.02 

+ 

.06  + 

.08 

- 

.02 

-   .03 

10.0 

+ 

.03 

+ 

.03 

.00   - 

.06 

- 

.04  + 

.08 

- 

.12 

-   .11 

16.8 

+ 

-.32 

+ 

.02   + 

.30   + 

.24 

+ 

.04  + 

.09 

- 

.05 

-   .01 

18.2 

- 

.07 

— 

.01   - 

.00   - 

.12 

+ 

.01    + 

.08 

- 

.07 

+  .01 

19.0 

+ 

.13 

- 

.04   + 

,17   + 

.05 

+ 

.20  + 

,08 

+ 

.12 

+  .23 

20.0 

- 

,09 

- 

.07   - 

,02   - 

.18 

- 

.31    + 

.07 

- 

..38 

-   .25 

20.9 

+ 

,33 

- 

.08   + 

.41    + 

.25 

+ 

.07  + 

.06 

+ 

,01 

+  .15 

22.0 

- 

.18 

- 

.06    - 

,12   - 

.25 

- 

.19   + 

.05 

- 

.24 

-   .11 

22.8 

+ 

.07 

— 

.05   + 

,12   + 

.01 

~ 

.26   + 

.03 

— 

.29 

-   .20 
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wliich  \vc  conclude  that  if  hiimidity  and  the  Stin  tern- 
perntitre  had  been  employed  in  the  original  soluiionx  for 
dli  the  diurnal  term  u'Oidd  have  been  completely  eliminated. 
And   this  rohition   hotwoon   Coinp.-..  of    Tahh'    V,i    and 


Diurnal  term  =  +Fti  [a  sin  (a  —  O)  +  h  cos  (a 
where  O  =  apparent  R.  A.  of  the  Sun. 


Comp.i  of  Table  E3  leads  to  the  most  important  fact 
of  this  entire  preliminary  investigation  —  the  fact 
tliat  /./)(■  diiini(d  term  i.t  due  directly  to  the  atmosphere 
and  lh(d.  its  hnv  ?'.s' 

0)  +  r  sin  2  (a  -  O)  -\-  d  cos  2  (a  -  O)) 


Having  thus  the  law  of  the  tliiirnnl  term  we  cnn  com- 
pute the  correction  for  tlie  diurnal  term  fiom  our 
observations  w-ithout  knowing;  the  liumi(hty,  or  the 
Sun  temperature.  In  fact  it  apiiears  by  actual  trial 
that  the  formula  int(-grates  the  varying  conditions  of 
air  in  upper  and  lower  levels,  and  is  therefore  prefer- 
able to  the  use  of  a  temperature  derived  solely  from 
the  conditions  at  the  Earth's  surface.  But  to  make  it 
clear  to  all  that  we  have  establisluHl  this  relation,  per- 
haps it  will  be  well  to  recapitulate  and  present  in  a 
concise  form  the  reasons  for  this  important  conclusion. 
We  will  assume  that  the  expressions  for  dRi  are 
accepted.     That  is, 

dRi  =  X  ■  sec  5    sec  2  (1  -  .OOllG  sec^  2)  in  R.  A. 
dRi  =  .T    sec^-  2  (L()()232  -  .003486  sec"  2)  in  Decl. 

We  have  shown  conclusivi^ly  tliat   the  expression 

a    sin  jMT  -|-  b    cos  IVIT  -f-  c    sin  2  JMT  +  d     cos  MT 


Observations 
San  Lius  Diurnal 
.\lbany  Diurnal 
Albany  llesiduiil  Diurnal 


represents 

!        Natural  Phenomena 

1 

i  Barometer 

j  Shade  Temperature 

i  Sun  Temperature 

'■  Hygrometer 

1  Shade  Refraction 

j  Sun  Refraction 


Having  shown,  not  only  theoretically  but  pracrically, 
that  all  of  these  natural  phenomena  follow  one  and  tlu> 
self-same  law  and  that  when  the  formula-  for  rf/i*]  are 
combined  with  the  formula;  for  meteorology  and  ver- 
tical refraction  w^e  eliminate  the  diurnal  term  in  the 
observations,  are  we  not  forced  to  the  concrhision  lliat 
we  have  discovered  the  physical  explanation  of  the 
diurnal  term  wdiich  has  been  so  troublesome  in  posi- 
tional astronomy?  With  the  preceding  brief  demon- 
stration of  the  physical  relation  between  the  diurnal 
term  and  the  state  of  the  atmosphere,  and  the  import- 
ant part  that  differential  refraction  has  played  in 
enabling  us  to  free  our  observations  of  the  diurnal 
effect,  it  may  be  of  interest  to  show  the  elTccI  of  dli 
upon  the  various  systematic  errors  genei-ally  accepted 
as  being  inherent  in  any  series  of  observations. 


Tlir  fiillciw'ing  stretches  were  chosen  from  a  consid- 
eration of  I  lie  I'lTccI  of  dh'  in  R.  A.  alone.  A  fair  dis- 
tribution (iuiins  the  year  with  Clamp  East  and  Clamp 
West:  was  sought.  Due  to  the  fact  that  the  resulting 
(>ffect  was  unknown  little  effort  was  made  to  select  for 
a  perfect  distribution  between  observers  and  positions 
of  the  instrument.  When  it  was  discovered  that  the 
dR  was  a  real  determinable  quantity  so  far  as  the 
R.  A.'s  were  concerned,  we  decided  to  examine  the 
Z.  D.'s  for  the  same  stretches.  If  the  effect  was 
really  due  to  dR,  the  Z.  D.'s  would  prove  it,  while,  if  it 
was  not  due  to  dR,  the  Z.  D.'.s  woidd  disprove  it.  The 
series  selected  were- 


Series 

666-68 
669-70 
684-85 
686-87 
691-94 
700-04 
711-14 
728-31 
735-37 
739  40 
754-57 
760-61 
771-74 
784-87 
SI. 5- 18 
825-28 
855-57 
866-68 
883  85 
9I«  05 
948- 49 
9.50-51 


Pos. 

AE 

AE 

AE 

AE 

AE 

AW 

AE 

AE 

A  W 

A  W 

A  W 

AE 

A  W 

BE 

BW 

inv 

BW 
BE 
BE 
BE 
A  E 
A  E 


Ob.='r 

S.A. 

S.A. 

W.R.V. 

W.R.V. 

S.A. 

Roy 

Roy 

S.A. 

S.A. 

W.R.V. 

S.A. 

Roy 

S.A. 

S.A. 

W.R.V. 

W.R.V. 

S.A. 

Roy 

S.A. 

S.A. 

W.B.V. 

W.R.V. 


Time 
42'' 
27 
30 
41 
07 
96 
62 
63 
33 
43 
86 
29 
65 
66 
80 
65 
41 
38 
51 
87 
40 
30 


Aug. 

Sept. 

Sept. 

Sept. 

Oct. 

Oct. 

Nov. 

.Ian. 

.Ian. 

Feb. 

Mar. 

Apr. 

May 

June 

Aug. 

Sept. 

Dec. 

Jan. 

Mar. 

May 

Nov. 

Nov. 


Date 
31  to  Sept.     1, 

2  to  Sept.    3, 

27  to  Sept.  28, 
29  to  Sept.  30, 
10  to  Oct.  13, 
26  to  Oct.  30, 
15,  to  Nov.  18, 

5  to  Jan.  8, 
23  to  Jan. 

3  to  Feb. 

28  to  Mar. 
9  to  Apr. 

10  to  May  13, 
26  to  July  1, 
28  to  Aug.  31, 
18  to  Sept.  21, 

6  to  Dec.  8, 
22  to  Jan.  24, 
18  to  Mar.  20, 
13  to  May  17, 

11  to  Nov.  12, 
13  to  Nov.  14, 


25, 

4, 

31, 

10, 


1915 
1915 
1915 
1915 
1915 
1915 
1915 
1916 
1916 
1916 
1916 
1916 
1916 
1916 
1916 
1916 
1916 
1917 
1917 
1917 
1917 
1917 


For  brevity,  we  will  use  the  first  .series  in  each 
stretch  to  designate  the  stretch.  Deriving  /x  and  p 
from  Albany  meteorology,  and  solving  each  stretch 
according  to  equations  (1)  and  (2),  the  following  values 
of  coefficients  in  the  formula;  for  dR  were  obtained. 
At  the  same  time  these  equations  were  solved,  a  solu- 
tion was  made  I'dr  the  correction  to  refraction  accord- 
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ing  to  former  practice;  n  =  CR/IOQ.  These  values 
are  given  under  column  CR  only.  These  values  have 
been  applied  to  the  n's  throughout  the  work  on  Z.  D.'s, 
giving  the  opportunitj'  to  examine  the  true  effect  of 
using  (IR  as  contrasted  with  CR  only,  so  that  in  Z.  D. 
we  always  have  three  sets  of  n's;  one  original  /(,  one 
n  +  CR,  and  one  n  +  clR.  In  R.  A.  we  have  original 
n,  and  /(  +  liR. 


Stretch 

666 
669 
684 
686 
691 
700 
711 
728 
735 
739 
754 
760 
771 
784 
815 
825 
855 
866 
883 
903 
948 
950 


+0.0105 

-  .0034 
+  .0008 

-  .0014 
4-  .0096 

-  .0092 
+  .0041 

-  .0019 

-  .0032 
+  .0002 
+  .0038 

-  .0039 
+  .0004 
+  .0035 

-  .0045 
+  .0018 

-  .0014 

-  .0080 
+  .0027 
+  .0103 
+  .0089 
+  .0022 


+0.0120 

+  .0147 

+  .0081 

-  .0113 
+  .0212 

-  .0014 
+  .0098 
+  .0159 
+  .0101 
+  0101 
+  .0014 
+  .0033 
+  .0068 
+  .0240 

-  .0249 

-  .0004 

-  .0002 

-  .0063 
+  .0178 
+  .0117 

-  .0277 
+  .0025 


CR  only 

+0.737 
+  .301 

-  .111 

-  .173 
+  .202 
+  .096 
-0.026 
+  1.352 
+0.402 

-  .318 

-  .244 
-0.219 
-1.251 
-0.469 
+   .404 

-  .079 
+  .331 
+  .120 

-  .437 

-  .749 

-  .082 

-  .258 


+0.4S4 
+   .115 

-  .071 
+  .014 

-  .341 
+  .244 
+  .267 
+  .972 
+  .443 

-  .219 

-  .140 

-  .056 

-  .552 

-  .484 
+  .116 

-  .058 
+  .337 
+    156 

-  .336 

-  .504 
+   .011 

-  .175 


+0.163 

+  .118 

-  .040 

-  .080 
+  .161 
+  .057 

-  .079 
+  .144 

-  .002 

-  .010 

-  .028 

-  .158 
+  .217 

-  .047 
+  .147 

-  .069 
+  026 
+  .009 
+  .096 
+  .155 

-  .089 

-  .067 


/' 

-0.004 

-  081 
+  .016 
+  .010 

-  .046 
+  .015 

-  .009 

-  .008 
.129 
.192 
.139 


+ 
+ 
+ 
+  .088 
+  .191 
+  .119 
+  .044 
+  .219 

-  .191 
+  .110 

-  .301 

-  .272 
+  .361 
+  .024 


Having  expanded  these  values  and  corrected  the 
original  n's  we  obtained  n  +  clR  =  /('  for  Z.  D.'s  and 
Transits.  Both  the  original  n's  and  the  n's  corrected 
for  dR,  contain  the  systematic  errors  Aax,  Aai,  A5a, 
A58  and  U-L,  except  in  so  far  as  the  application  of  dR 
has  elimiated  them  in  the  7i's.  Let  us  see  what  the 
effect  of  dR  has  been.  Using  zones  3°  wide,  means  for 
Adi  and  Aas  were  formed.  The ,  means  of  successive 
groups  of  three  were  used  to  smooth  the  curve,  and 
these  are  exhibited  in  Plate  A.  The  drawing  contains 
sufficient  explanation  to  enable  one  to  understand 
why  they  differ  but  attention  should  be  called  to  the 
effect  of  dR  upon  the  curves,  especially  the  A8i  curve. 
The  circles  represent  the  results  from  the  n's  in  order 
of  Z.  D.  from  horizon  to  horizon.  The  crosses  rep- 
resent the  values  derived  from  below  pole  observations 
folded  back  and  transformed  to  correspond  to  above 
pole  observations.  There  can  l^e  but  one  true  value 
of  Aas  and  ASi  for  a  given  star;  any  deviation  must  be 
due  to  the  observations  themselves.  While  the  orig- 
inal observations  contain  some  (U-L),  when  they  are 
corrected  for  CR  we  find  this  {U-L)  is  very  markedly 
increased,  but  when  corrected  for  dR  the  {C~L)  has 
practically    disappeared,    reconciling    the    observations 


below  and  above  pole.  This  alone  is  an  indication 
that  dR  is  real.  The  wider  deviation  from  zero  of  the 
curve  at  the  south  end  may  be  due  to  systematic  error 
in  P.  C.  C.  or  to  the  false  form  of  vertical  refraction 
formulae;  it  is  probably  due  to  a  combination  of  both. 
This  point,  however,  cannot  be  investigated  until  the 
San  Luis  observations  for  dR  have  been  examined. 
Then  we  hope  to  be  able  to  indicate  the  probable 
source  of  this  wide  divergence  from  zero.  Having 
plotted  these  points,  smooth  curves  were  drawn,  and 
a  table  formed.  That  for  AS&  was  applied  to  the 
Z.  D.'s.  That  for  Aas  was  combined  with  {E-W). 
The  intimate  relation  between  {E-W)  and  Aas  led  to 
the  u.se  of  /('  cos  5  in  place  of  /(',  so 

[Curve  Aao  +  {E-W}]   sec  5  =  correction. 

Correcting  Z.  D.'s  and  Transits  for  these  values,  thus 
freeing  the  observations  from  the  systematic  errors 
Aas  and  A58,  we  derived  n"  from  which  to  obtain 
Aoi  and  ASi.  Hourly  means  were  formed  and  solved 
using  the  clock  belt  only.     This  gave 

sin  cos  sin  2  cos  2 

n    =  -Aa.=  +0.0020-0.0194  +  0.0115-0.0014  Orig. 
n"=  -Aaa=  -O.OOOG- 0.0080-1-0.0058 -0.0045  Corrd. 


=  -A5a=  -0.104 
'=  -A8.=  -0.010 


-0.070  +0.117  -0.049  Orig. 
-0.012  -f  0.006  -0.010  Corrd. 


The  values  derived  from  n"  show  the  effect  of  applica- 
tion of  dR  to  original  n.  The  systematic  errors  Aaa  and 
A8c  have  been  practically  eliminated.  It  must  be  noted 
here  that  we  have  used  the  value  of  dR  based  upon  a 
value  of  p  computed  from  imperfect  meteorology.  If 
we  compute  p  by  formula,  as  indicated  earlier  in  this 
paper,  we  obtain  complete  elimination  of  the  two 
systematic  errors  depending  upon  right-ascension. 
These  values  from  computed  n"  were  expanded  and 
applied  to  observed  n"  giving  n'"  free  from  all  sys- 
tematic errors.  The  n's  and  ?i"'s  were  collected  in 
order  of  Albany  Mean  Time  giving  the  diurnal  term 
in  Table  D  treated  earlier  in  this  paper.  Comparisons 
of  the  effect  of  dR  with  that  of  CR  on  the  Z.  D.'s  are 
given  in  Tables  F  and  G.  These  show  that  dR  brings 
the  observations  north  and  south  of  the  zenith  more  into 
agreement,  ivithout  the  application  of  a  constant.  Table 
F  gives  results  of  application  of  CR  and  of  dR  for  each 
series.  It  is  to  be  noted  that  the  application  of  dR 
has  reduced  the  p.  e.  by  only  0".01  in  the  mean,  which 
shows  that  we  are  correcting  for  the  systematic  shift 
of  the  stars  and  not  for  the  accidental  error  of  the 
observations*.  Table  G  shows  how  erroneous  it  is  to 
correct  our  observations  for  CR  only.  When  CR  only 
is  applied,  all  the  residuals  north  of  the  zenith  are  iij- 
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TABLE  V      NORTH  STARS 


Oba. 

H 

,i+CR 

n+illi 

(11 

, 

1 
1 

26 

+  7.71 

+22.58 

-  0.90 

+  11.51 

-0.53 

-23.54 

-12.04 

20 

+  8.15 

+  12.08 

+  1.78 

+  1.67 

-1.25 

-10.90 

-   2.92 

■     39 

-  5.37 

-  4.24 

-   1.76 

+   1.19 

+0.09 

+  2.48 

-   0.50 

37 

-  9.84 

-  9.84 

+   1.31 

+   1.38 

+5.83 

+  11.15 

+  4.45 

36 

+  18.29 

+21.09 

+  2.95 

+   1.52 

-3.04 

-18.14 

-  4.50 

09 

+  11.87 

+  S.51 

-  0.19 

-  0.50 

+0.^0 

- 14.70 

+  1.30 

09 

-27.74 

-28.40 

-10.58 

+  0.22 

-2.31 

+  17.88 

-  2.53 

32 

+  3.40 

+25.05 

+  7.95 

+  11.29 

+0.47 

-17.10 

- 10.82 

10 

+  8.37 

+  4.45 

+  3.84 

-   1.60 

-2.23 

-  0.01 

-  0.03 

30 

+   1.00 

+  8.33 

-  0.01 

+  1.43 

-1.07 

-   8.94 

-  3.10 

75 

+  12.25 

+21.15 

+  4.13 

+  1.15 

+3.18 

-17.02 

+  2.03 

33 

- 10.92 

-15.03 

-  0.90 

+   1.51 

-0.20 

+  14.07 

-   1.77 

■10 

+  10.88 

+41.09 

+  2.03 

+  14.54 

-1.31 

-39.00 

-15.85 

47 

-  4.23 

+  9.51 

+  10.20 

+  0.3S 

+0.98 

+  0.75 

+  0.00 

07 

+42.79 

+50.72 

+  8.98 

+  13.05 

-9.11 

-47.74 

-22.10 

54 

-  0.10 

-    1.80 

-  2.41 

0.00 

+5.03 

-  0.01 

+  5.63 

20 

-  3.49 

+  0.50 

+  0.27 

-   1.19 

-1.00 

-  0.29 

-  0.41 

.      22 

+  4.28 

+  2.49 

+   1.48 

-  0.25 

-1.18 

-   1.01 

-  0.93 

43 

+  2.00 

+  13.77 

+  2.85 

+  2.17 

-0.76 

- 10.92 

-  2.93 

22 

+  2.85 

+  11.20 

+   1.99 

+  3.01 

-0.68 

-   9.21 

-  3.69 

30 

-  2.40 

-  3.99 

-    1.40 

-  0.29 

+  1.20 

+  2..53 

+  1.55 

35 

+  4.24 

-  8.50 

-  0.22 

+  0.40 

+  1.10 

+    S.o4 

+  0.70 

802 

+71.51 

+  187.80 

+24.07 

+02.05 

-5.9;; 

-103.19 

-08.58 

Means 

+  0.08 

+     0.22 

+  0.03 

+  U.U7 

-0.01 

-     0.19 

-   0.08 

TABLE   F      SOUTH   STARS 


creased  while  all  the  re.sidiials  south  of  the  zenitii, 
except  the  78°  fi;'"oup,  are  decreased.  This  is  shown  in 
column  (1).  When,  however,  we  correct  n  for  dli  wc; 
find  the  n's  are  decreased  except  for  the  low  Z.  D.'s  each 
side  of  the  zenith.  The  appearance  of  plus  signs  at 
each  end  of  colunui  (2)  indicates  that  tlu;  formula  for 
v.ertical  refraction  may  be  wronj;--  I'liis  is  entirely 
consistent  as  all  present  tables  are  founded  on  observa- 
tions uncorrected  for  ilK.  To  be  sure,  when  the  ob- 
servations of  circuinpolar  stars  have  been  empirically 
corrected  for  (U-L)  they  have,  to  a  certain  extent, 
been  freed  from  the  mean  effect  of  dR.  But  the  ])ar- 
ticular  effect  of  dR  for  each  stretch  has  not  been  taken 
into  account  as  it  shoidtl  have  be(;n. 

Table  H,  which  is  self-explanatory,  shows  the  effect 
of  dR  upon  the  i)ositions  of  some  of  the  19  Prinuiry 
Azimuth  Stars  as  deduced  from  the  double  transits  on 
the  str(!tches  employeii  in  this  investigation. 
Columns  (2)  and  (3)  give  corrections  to  places  of  tlie  19 
Primarv  Azimuth  Stars  derived  from  Albany  observa- 
tions. These  corrections  are  derived  from  the  double 
transits  of  the  stretches  used,  corrected  for  dR.  Col- 
umns (4)  and  (5)  are  the  same  corrections  lincorrected 
for  dR.  Column  (G)  contains  the  value  of  U-L  de- 
rived from  corrected  values,  while  (7)  is  C-L  from  un- 


Ohs. 

n 

n+CR 

u+  dR 

(1) 

(2) 

(3) 

(4) 

58 

+  48.11 

+21.95 

+  0.79 

-10.58 

-  4.00 

-21.10 

+6.58 

40 

+  24.00 

+  17.06 

+  9.47 

-  2.70 

-   1.91 

-  7.59 

+0.79 

83 

+     3.22 

+  1.64 

+  10.,57 

-  4.92 

-  0.23 

+  8.93 

+4.69 

90 

-   19.82 

-20.69 

+  7.82 

-  2.87 

-  5.50 

+28.49 

-2.69 

SO 

+  35.95 

+25.39 

+  14.87 

-  2.21 

+  0.68 

-10.52 

+2.89 

121 

+  10.15 

+  17.73 

+  7.45 

+   1.02 

+  0.90 

- 10.28 

-0.12, 

131 

-   18.22 

-15.39 

-   1.10 

-  0.30 

-  0.39 

+  14.29 

-0.09 

74 

+  99.70 

+34.45 

+  17.72 

-45.04 

-38.68 

-10.73 

+6.36 

51 

-     4.35 

+  9.40 

+  9.56 

+  0.09 

+  0.15 

+  0.10 

+0.06 

74 

+  32.32 

+  18.50 

+  12.89 

-  ().2S 

-  8.19 

-  5.61 

-1.91 

108 

+  31.32 

+  13.66 

-   1.19 

-  3. IS 

+  4.87 

-14.85 

+8.05 

57 

-  22.34 

-13.08 

+  11.62 

-  5.00 

+  0.94 

+24.70 

+5.94 

121 

+  115.83 

+30.33 

-   1.13 

-47.10 

-40.94 

-37.40 

+6.16 

155 

+  43.70 

-  2.87 

-  2..52 

-  6.97 

-  4.73 

+  0.35 

+2.24 

154 

+  99.39 

+01.09 

+  18..53 

-15.87 

-12.44 

-42..50 

+3.43 

127 

-     9.74 

-  2.33 

-  3.41 

-  0.47 

-  7.03 

-   1.08 

-0.56 

71 

+  20.22 

+  8.98 

+  8.  IS 

-  0.72 

-   1.62 

-  0.80 

-0.90 

74 

+     4.16 

+  9.35 

+  7.32 

-  0.54 

+   1.17 

+  2.03 

+  1.71 

80 

+  41.85 

+20.59 

+  10.88 

-  2.24 

+  2.49 

-  9.71 

+4.73 

40 

+  40.21 

+  10.03 

+  4.05 

-17.46 

-16.10 

-  5.98 

+  1.30 

73 

+     5.08 

+  9.15 

+  7..58 

-  0.05 

-    1.21 

-   1..57 

-1.15 

00 

-   20.47 

-10.15 

+  0.78 

-  4.92 

—  5.53 

+  10.93 

-0.61 

1940 

+501.6 

+250.8 

+  150.7 

-  178.3 

-137.4 

-100.1 

+40.9 

Means 

+     .29 

+     .13 

+     .08 

-     .09 

-     .07 

-     .05 

+     .02 

Table  H 


(2) 
No.    U 

I'.a.c. 


(3) 
L 


(4) 

U 


(5) 
L 


(ti) 
U-L 


(7J 
U-L 


(8) 


325 
1801 
1871 
2135 
2530 
4327 
4591 
4971 
5499 

218 


+  .098  +  .050  +.115  +.175  +.030  -.107  -.597 

-  .089  +  .051  -I-.025  +.02()  -.003  +.150  -.231 

-  .003  +  .009  +.028  +.032  -.013  -.001  -.0711 

-  .194  -  .340  -.436  -.253  +.147  -.184  -.03(5 

-  .051  -  .024  ^.050 +.012  -.002  -.043  -.021' 
+  .008  +  .009  +.019  -.015  -.029  +.014  +.015 
+  .125  -I-  .093  +.151  +.03S  +.020  -H.OGO  -.112: 
-1.005  -1.129  -.330  -.tllO  +.064 -|-. 574  -.51W 

-  .158  -  .035  -.178  -I-.212  -.122  -.420  -.298 
+  .135  +  .135  +.270  +.364       .000  -.094  -.094 


corrected  values.  Coiunin  (8)  shows  the  aiiiount  by 
which  i'  L  in  (7)  is  reduced  Uy  dR  as  gi\<Mi  in  ((i). 
This  is  comi)uti'd  In  the;  sense  of  numei'ical  icduclion 
of  U-L  and  not  algeljraical  reduction,  so  il  indicates 
the  reduction  of  the  probable  error  of  transits  of  th(» 
19  Azimuth  Stars  by  application  of  dl\'.  and  points  to 
the  principal  source  of  (U-L). 

The  effect  of  dR  ujjon  ecpiator  ixu'iit  is  ('(|ually  pro- 
nounced. This  can  be  well  shown  li\'  a  cojiiparison  of 
the  mean  eciuator  point   di'rived  fnun  I  lie  dduiile  lAin- 
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TABLE    F      NORTH    and    SOUTH    STARS 


Obs. 

n 

n+CR 

n  +  dR 

(1) 

(2) 

(3) 

(4) 

84 

+  55.82 

+  44.53 

-  0.17 

+  0.93 

-  4.53 

-44.70 

-  5.46 

60 

+  32.75 

+  29.74 

+  11.25 

-   1.03 

+  3.16 

-18.49 

-   2.13 

122 

-     2.15 

-     2.60 

+  8.81 

-  3.73 

+  0.46 

+  11.41 

+  4.19 

127 

-  29.66 

-  30.53 

+  9.13 

-   1.49 

+  0.27 

+39.66 

+   1.76 

122 

+  54.24 

+  46.48 

+  17.82 

-  0.69 

-  2.36 

-28.66 

-   1.67 

190 

+  22.02 

+  26.24 

+   1.26 

+  0.52 

+  1.70 

-24.98 

+   1.18 

200 

-  45.96 

-  43.85 

-11.68 

-  0.08 

-  2.70 

+32.17 

-  2.62 

106 

+  103.22 

+  59.50 

+25.67 

-33.75 

-38.21 

-33.83 

-  4.46 

67 

+     4.02 

+  13.91 

+  13.40 

-   1.51 

-  2.08 

-  0.51 

-   0.57 

104 

+  33.32 

+  26.83 

+  12.28 

-  4.85 

-  9.86 

-14.55 

-  5.01 

183 

+  43.57 

+  34.81 

+  2.94 

-  2.03 

+  8.05 

-31.87 

+  10.08 

90 

-  33.26 

-  28.11 

+  10.66 

-  3.49 

+  0.68 

+38.77 

+  4.17 

161 

+  132.71 

+  78.02 

+  0.90 

-32.56 

-42.25 

-77.12 

-  9.69 

202 

+  39.53 

+     6.64 

+  7.74 

-  6.59 

-  3.75 

+   1.10 

+  2.84 

221 

+  142.18 

+  117.81 

+27.51 

-  2.82 

-21.55 

-90.30 

-18.73 

181 

-     9.90 

-     4.13 

-  5.82 

-  0.47 

-   1.40 

-   1.69 

-  0.93 

91 

+  16.73 

+     9.54 

+  8.45 

-   1.91 

-  3.22 

-   1.09 

-   1.31 

96 

+     8.44 

+   11.84 

+  8.80 

-  0.79 

-  0.01 

-  3.04 

+  0.78 

123 

+  43.85 

+  34.36 

+  13.73 

-  0.07 

+  1.73 

-20.63 

+  1.80 

68 

+  43.06 

+  21.23 

+  6.04 

-14.45 

-16.84 

-15.19 

-  2.39 

103 

+     3.28 

+     5.16 

+  6.12 

-  0.34 

+  0.05 

+  0.96 

+  0.40 

101 

-  24.71 

-   18.71 

+  0.56 

-   4.46 

-  4.37 

+  19.27 

+  0.09 

2802 

+633.1 

+438.7 

+  175.4 

-115.7 

-143.4 

-263,3 

-27.7 

Means 

+       .23 

+       .16 

+     .06 

-     .04 

-     .06 

-     .09 

-     .01 

sits  alone  witli  tliat   ohtaiiK^d  fhrdiisi'li  tlu>  comparison 


with  P.  a.  c. 

Eq  +  (IR 
Eq.          Eq+C/J    Eq+rZ/?     +  .iP.r.'.f 

Double  Transits 

12.69 

12.51 

12.67        (12.67) 

P.  G.  C.  N.  of  Zen. 

12.59 

12.45 

12.64         12.64 

P.  G.  C.  S.  of  Zen. 

1 2.39 

12.54 

12.59         12.00 

P.  G.  C.  N.  and  8. 

12.45 

12.50 

12.61          12.61 

North-Soutli 

+  0.20 

-0.09 

+  0.05 

±0.31 

±0.19 

±0.07 

That  is,  the  application  of  fill  lias  brought  the  observa- 
tions north  and  south  of  the  zenith  to  agree  within 
0".05,  with  a  p.  e.  for  a  single  stretch  of  ±0".07.  At 
the  same  time  the  mean  equator  point  as  derived 
through  P.  G.  C.  has  been  made  to  agree  with  that 
derived  from  doul)le  transits  within  0".0fi.  Tiius  far 
we  have  shown  that,  even  with  an  imperfect  knowledge 
of  the  meteorology  involved,  the  application  of  a  cor- 
rection for  (hfferential  refraction  removes  the  diurnal 
term,  the  systematic  errors  Aa^.,  AS^,  (II-L),  and  (N-S), 
and  materially*  decreases  Aai  and  ASs;  in  other  words 
it  has  straightened  the  meridian  and  improved  the 
equator  point. 


TABLE  G 


S.Z.D. 

(AE) 

Obs. 

n 

n+CR 

n+dR 

(1) 

(2) 

(3) 

(4) 

282 

29 

+  1.04 

+  1.82 

+ 

.07 

+  .64 

+  .51 

-b'74 

-.13 

287 

21 

+ 

.05 

+ 

.61 

- 

.10 

+  .22 

+  .26 

-   .71 

+  .03 

295 

41 

+ 

.21 

+ 

.38 

+ 

.13 

+  .12 

+.02 

-   .25 

-.09 

305 

125 

+ 

.08 

+ 

.25 

+ 

.03 

+  .06 

-.06 

-   .22 

-.12 

315 

198 

+ 

.08 

+ 

.23 

+ 

.07 

+  .08 

-.00 

-   .16 

-.08 

325 

115 

— 

.02 

+ 

.05 

— 

.03 

+  .03 

-.03 

-   .08 

-.06 

335 

105 

— 

.10 

- 

.03 

- 

.08 

+  .05 

-.06 

-   .05 

-.11 

345 

113 

- 

.02 

+ 

.03 

- 

.03 

+  .02 

-.03 

-   .06 

-.05 

3.55 

115 

+ 

.19 

+ 

.21 

+ 

.17 

+  .01 

-.05 

-   .04 

-.06 

5 

102 

+ 

.23 

+ 

.21 

+ 

.17 

-.02 

-.07 

-   .04 

-.05 

15 

287 

+ 

.36 

+. 

.31 

+ 

.29 

-.02 

-.05 

-   .02 

-.02 

25 

290 

+ 

.43 

+ 

.36 

+ 

.33 

-.05 

-.07 

-   .02 

-.01 

35 

408 

+ 

.28 

+ 

.17 

+ 

.16 

-.08 

-.11 

-   .01 

-.02 

45 

205 

+ 

.29 

+ 

.14 

+ 

.13 

-.13 

-.14 

-   .01 

-.01 

55 

296 

+ 

.36 

+ 

.12 

+ 

.06 

-.17 

-.19 

-   .06 

-.02 

65 

221 

+ 

.16 

- 

.10 

- 

.18 

-.18 

-.IS 

-    .09 

+  .00 

73 

71 

+ 

.16 

- 

.25 

- 

.44 

-.09 

+  .13 

-   .19 

+  .22 

78 

70 

^ 

.27 

^ 

.84 

-1.20 

+  .08 

+  .02 

-   .35 

+  .84 

(1)  gives  amount  by  which  CR  increases  or  decreases  the  original 
71  numeiically;  plus  means  p.c.  is  increased  and  minus  the  p.e.  is 
decreased.  (2)  gives  same  numerical  increa.se  or  decrease  when  dR 
is  applied.  (3)  gives  dR  —  CR  =dR\.  (4)  gives  numerical  in- 
crease or  decrease  caused  by  application  of  dR.  These  apply  to 
Table  F  as  well  as  G.  Values  given  in  F  are  sums  while  those  given 
in  G  are  means. 

To  present  the  foregoing  discussion  in  vistial  form 
we  cease  to  consider  the  transits  and  zenith-distances 
as  separate  observations  and  independent  of  each  other, 
riie  residuals  formed  from  them  may  be  taken  as  the 
t  ivo  rectangular  coordinates  of  the  star's  displacement 
by  atmospheric  effects  plus  accidental  error.  We  will 
take  for  the  sine  component  the  n  in  Z.  D.,  and  for  the 
cosine  component  the  ?!  of  the  transits,  and  we  will 
consider  the  zenith  of  our  instrument  as  the  zero  point 
for  each  coordinate.  This  will  conform  to  Fig.  1.  To 
show  that  the  prismatic  effect  is  real  and  measurable, 
and  while  systematic  for  a  given  stretch  is  not  the 
same  for  each  stretch,  Plates  B,  C,  D,  E  have  been  pre- 
jiared.  The  separate  squares  of  these  four  plates  arc 
numbered  alike.  1-4  gives  the  position  of  each  star 
as  given  by  the  original  ??.  5-8  gives  the  position  when 
corrected  for  CR  only,  9-12  the  position  when  cor- 
rected for  Gh'  +  flh'.  For  784  tliere  is  also  exhi])ited 
the  results  obtained  by  using  the  finally  concluded 
value  of  p: 

p  =  a  sin  (a  — 0)+  /)  cos  (a— O)  +  c  sin  2  (a  — O) 
+  f/  cos  2  (a-O) 

Plate!  F  contains  all  the  stars  for  tlie  22  stretches  em- 
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plnyod,  omiUivq  vr,i  e.  On  plate  (!  aro  plotted  tlie 
epiiemcridos  of  the  meteorological  zenith  for  five 
Btrotelies  for  the  times  when  observing  was  goinp;  on. 
jTheso  values  are  also  given  in  tabular  form  in  Table  I. 
These  plates  sliould  satisfy  the  most  skejitiral  (hat 
dli  is  a  positive  measurable  phenomenon. 
;  The  diagrams  also  give  the  opportunity  to  study  th(> 
probable  error.  In  the  formation  of  P.  (•'.  ('.  Du.  Boss 
established  as  his  unit  for  weight  1.0  the  value  ±0".80 
in  either  coordinate.  Hence,  if  we  are  allowed  ±0".30 
in  R.  A.  and  ±0".30  in  Z.  D.  it  follows  that  if  we  draw 
a  circle  whose  radius  is  =fc0".30  x  1.  lit  we  include  the 
maximum  deviation  from  I  lie  true  /enilh  llial  is  allow- 
able for  weight  1.0.  That  is,  the  radius  of  I  lie  limiting 
circle  for  unit  \).  e.  is  ±0".424.  The  eircles  drawn 
represent  1-5  times  the  p.  e.  for  weight  1.0.  II  cct- 
tainly  is  evident  that  we  err  if  we  fail  to  take  inio  con- 
sideration the  time  of  day  that  the  observation  was 
made  when  discussing  such  a  series  of  observations  as 
the  Albany  observations.  In  784  to  throw  out  all  the 
observations  in  R.  A.  that  give  n  larger  than  —\"S^0 
among  the  morning  observations  would  be  unjustified, 
just  as  to  throw  away  all  the  daytime  observations  and 
confine  the  reductions  to  the  night  obstirvations  alone 
is  unjustified,  for  the  night  observations  are  nearly  as 
far  from  the  true  meridian,  onlj'  on  the  other  side. 
Each  set  of  observations,  whether  made  morning, 
afternoon,  or  night  is  perfoctlj^  consistent  with  the 
zenith  point  derived  for  that  time  of  day.  Here  we  find 
perfect  accordance  with,  and  most  striking  confirma- 
tion of  what  is  pictured  in  Fig.  1.  Studying  these- 
plates  in  connection  with  Plate  G  we  can  see  the  com- 
bined effect  of  drift  and  diurnal  term.  In  77!  we 
have  an  effect  more  or  less  at  right  angles  to  that  of 
784.  Here  the  effect  is  principally  in  Z.  D.  Then  in 
81. 'j  we  have  an  effect  that  is  between  the  two  in  Z.  D. 
but  opposite  in  direction  to  784  in  R.  .\. 

If  (IR  is  such  an  important  term  in  the  reduction  of 
the  Albany  observations  it  must  be  the  source  of  the 
major  part  of  the  before  and  aft(>r  sunset  and  sunrise 
effect  as  found  at  other  observatories.  Tu(;keu  found 
the  diurnal  effect  very  marked  at  Lick  Observatory. 
The  dli  term  is  undoubtedly  the  source  of  his  trou])le 
as  given  in  L.  O.  Bulletins  Nos.  292,  308  and  330.  To 
show  this  his  sunset-sunrise  as  given  in  No.  330  was 
arranged  according  to  Mt.  Hamilton  Mean  Time  and 
p  was  formed  from  San  Francisco  Meteorology  for 
1901-2  as  given  in  U.  S.  Weather  Bureau  Re])orts. 
(Sec  Table  J).  Mean  values  have  been  used  for  the 
months  in  which  the  observations  were  made.  These 
values  of  p  are  given  together  with  values  of  sunsel- 
simrise.  Solving  for  p  we  obtain  O  =  -fO\1878  p 
which  gives  column  (■  when  expanded  and  O-C  when 


TABLP:   I      MET.  ZEN.  EPHEMERIDES 


10..') 
1 1  .h 

n.h 

1  :)..'"> 
II. .5 
15..-) 
\f,.h 
17..') 
IS..") 
19..5 
20..") 
2\.h 
22..'") 
23.,') 


7;5i) 


4-. 03  +.07 
+  .14  +.13 
+  .0.S  +.0S 
+  .0()  +.01) 
+  .0S  +.0S 
+  .02  +.03 
.00  +.01 
+  .01  +.0!l 
-.02  -.04 


.00  -.03 
.OS  -.04 
Ah  -.10 
.18  -.13 


701 
Z.I^.    U..\. 


771 
Z.D.    II.  A. 


+  .24  -.01 
+  .21  -.04 
+  .30  +.01 
+  .40  +.07 
+  .40  +.09 
+  .42  +.08 
+  .47  +.10 
+  .42  +.08 
+  .39  +.00 
+  ..3S  +.0.') 
+  .40  +.06 
+  .30  +.01 


+.24  -.0.') 
+  .23  -.0.5 
+  .21  -.05 


784 
Z.D.    R.A, 


-.()(■)  +.07 
-.09  -.03 
-.04  +.12 
-.01  +.23 
+  .01  +.28 
+.02  +.31 
+  .01  +..30 
+  .01  +.29 
.00  +.2.') 
+  .01  +.28 
+.02  +.32 
+  .00  +.4.') 


-.07  +.04 
-.21  -.39 
-.19  -..33 
-.1.-)   -.18 


815 
Z.D.   Il.A. 


+  .19  -.0.'') 
+  .18  +.02 
+  .19  -.08 
+.20  -.22 

+.22  -.31 
+.23  -.34 
+  .22  -.28 
+  .21  -.21 
+  .21  -.18 
+  .21  -.17 
+  .21  -.17 
+  .21  -.17 
+  .20  -.08 
+  .19  -.00 


applied.  It  is  to  be  noted  that  ()  and  C  agree  as  to 
sign  for  47  out  of  I  he  .')S  values.  In  column  O-f,  we 
have  !)  minus  anil  20  plus  residuals  in  place  of  29  plus. 
and  1  1  plus  and  IS  minus  residuals  in  ])lace  of  29  mimis. 
And  if  we  treat  columns  ()  and  O-C  as  residuals  for 
p.  e.  the  p-lerni  has  reduced  the  p.  e.  from  ='=0".030  to 
±0M)23.  If  these  observations  could  have  been 
tr<^ated  in  the  same  manner  in  which  7S  I  of  the  Albany 
observations  was  treated  there  is  little  doubt  that  the 
diurnal  term  in  these  residuals  coul<l  have  been  almost 
comiiletcly  eliniiii.'ilcd.  This  rough  test  of  the  Mt. 
Haniiltoii  results  is  interesting  as  evidence  that  (he 
phenomenon  is  not   purely  local. 

In  Tables  K  are  exhibited  groups  <lerived  from  (-1h> 
residuals  as  given  in  S(!Cond  Series  of  Washington 
Observations,  Vol.  IX,  Part  1,  pages  .\73  3S1.  These 
being  \\w  only  series  of  observations  conveniently 
available  for  testing  (he  theory  of  rlH  the  residuals  as 
pu!)lishcd  have  been  exaniineil  in  detail.  I'^rom 
meteorology  furnished  by  the  I'.S.  Weadier  Hureau, 
n  and  ;ip  were  formed  for  each  residual  and  fji,  iip  and 
V  were  arranged  according  In  Washington  Mean  Time. 
These  Tueans  are  exhibited  in  Tables  K,  for  each  group 
separately  and  for  (he  (wo  gi'oups  combined.  In  the 
soludon  for  A'p  +  Ffxp  vnch  ob.servation  was  assigned 
weiglH  1.0.  Having  in  a  previous  test  discovered  (he 
impf)r(ance    of    the    p-(erm    and    not     wishing,    at    (he 
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TABLE  J 
Lick  —  Before  and  After  Sunset  and  Sumise 


P 

n 
O 

C 

0 

-C 

H 
§ 

P 

O 

n 
C 

0-C 

h 

2.7 

-.13S 

+  .051-. 

)2(i 

+  .077 

h 
12.6 

-.0.52 

-.003- 

010 

+  .007 

3.2 

-.048 

+  .051- 

9 

+ 

60 

14.9 

-.030 

+  .008- 

6 

+    14 

3.7 

+0.28 

+  .024  + 

5 

+ 

19 

15.2 

-.077 

-.062- 

14 

-    48 

3.9 

+  .104 

.+  .035  + 

20 

+ 

15 

15.5 

-.134 

+  .004- 

25 

+    29 

4.2 

+.050 

+  .013  + 

9 

+ 

4 

15.6 

-.077 

-.061- 

14 

-    47 

4.3 

+.074 

+  .101  + 

14 

+ 

87 

15.9 

-.146 

-.026- 

27 

+      1 

4.3 

+  .094 

+  .012  + 

18 

- 

6 

16.0 

-.139 

-.011- 

26 

+    15 

4.7 

+  .070 

+  .075  + 

14 

+ 

61 

16.3 

-.238 

-.070- 

43 

-    27 

4.7 

+  .014 

+  .049  + 

3 

+ 

46 

16.5 

-.224 

-.017- 

42 

+    25 

4.9 

+  .048 

+  .047  + 

9 

+ 

38 

16.5 

-.254 

-.032- 

48 

+    16 

5.3 

+  .108 

+  .031  + 

20 

+ 

11 

16.8 

-.143 

-.055- 

27 

-    28 

5.4 

+.084 

+0.59  + 

16 

+ 

43 

16.9 

-.098 

-.020- 

IS 

_      2 

5.4 

+  .113 

+  .009  + 

21 

+ 

48 

17.0 

-.099 

-  .040  - 

19 

-    21 

5.8 

+  .125 

+  .053  + 

24 

+ 

29 

17.3 

+  .042 

-.023  + 

8 

-    31 

5.9 

-.002 

+  .037 

0 

+ 

37 

17.4 

+  .139 

-.052  + 

26 

-    78 

6.0 

+  .091 

+  .028  + 

17 

+ 

11 

17.6 

-.036 

-.036- 

7 

-    29 

6.1 

+  .204 

+  .077  + 

38 

+ 

39 

17.7 

+  .066 

-.029  + 

12 

-    41 

6.3 

+  .190 

+  .049  + 

36 

+ 

13 

17.8 

+  .048 

-.050  + 

9 

-    59 

6.3 

-.110 

+  .023- 

21 

+ 

44 

18.0 

+  .006 

-.020  + 

1 

-    21 

6.4 

+  .063 

+  .001  + 

12 

- 

11 

18.2 

-.136 

-.058- 

26 

-    32 

6.5 

+  .196 

+  .027  + 

37 

- 

10 

18.2 

+  .036 

-.006  + 

7 

-    13 

6.8 

+.183 

+  .021  + 

34 

- 

13 

18.4 

-.098 

-.029- 

18 

-    11 

6.9 

+.084 

+  .001  + 

10 

- 

15 

18.7 

-.302 

-.067- 

57 

-    10 

7.0 

+  .266 

+  .019  + 

50 

- 

31 

18.7 

-.026 

-.026- 

5 

-    21 

7.3 

+  .112 

+  .009  + 

21 

- 

12 

18.9 

-.244 

-.024- 

46 

+    22 

7.6 

+  .310 

+  .049  + 

58 

- 

9 

19.3 

-.122 

-.020- 

23 

+      3 

8.0 

+  .206 

+  .009  + 

39 

- 

30 

19.4 

-.394 

-.067- 

74 

+      7 

8.4 

+  .092 

+  .043  + 

17 

+ 

26 

19.7 

-.174 

-.047- 

33 

-     14 

8.9 

+  .036 

+  .006  + 

^ 

+ 

4 

20.0 

-.204 

-.008- 

38 

+    30 

present  .stale  of  the  woik,  to  revise  including  that  term, 
a  solution  was  made  for  a  sin  MT  +  cos  MT  term  as 
this  form  of  expres.sion  has  been  shown  to  well  rep- 
resent the  p.  For  the  (III  term  we  obtained  for  the  5'' 
group 

+  0\()0o(j  Ffi   +l)».UOr)()  /'Vp 
-|-0".37.S     Ffi   +l)".051      /'Vp 

Vul  the   IN''  group 

+0\UI1!)  Fix   +0\()();5!   /'Vp 
-|-0".21S     Fix   +(t".IUl     Fixp 

For  r>''  arul  18''  groups  combiiiet! 

+  0MK)77  Fix   +()\()057  /'Vp 
+  0".2<)4     F/x   +()".U5i)     Fixp 

Tliese  were  expanded  for  eacli  group  as  exhibited  in  tlie 
coluiaii  headed  dli.  Suljtraeting  these  from  Mean  Hx 
and  ni,  the  column  (O-C)i  was  obtained.  Each  value 
of  (O-C)i  sliows  a  well  markcnl  cosine  term.  y\,lso,  it 
is  to  be  noted   that    the  application  of  (IR  has  almost 


TABLE   K      R.  A.     Group  at  5''  42" 


M.  T. 

"it 

,IR 

(0-C) 

P 

(o,~92. 

ii 
3.6 

-  .043 

+  .010 

s 

-.053 

-.019 

-.034 

4.6 

-.041 

+  .012 

-.053 

-.016 

-.037 

5.6 

-.011 

+  .014 

-.025 

-.012 

-.013 

6.5 

+  .015 

+  .016 

-.001 

-.008 

+  .007 

7.4 

+  .019 

+  .013 

+  .006 

-.003 

+.009 

8.5 

+  .019 

+  .013 

+.006 

+  .003 

+  .003 

9.5 

+  .028 

+.013 

+.015 

+.008 

+.007 

10.4 

+  .018 

+  .011 

+  .007 

+  .013 

-.006 

11.6 

+  .017 

+  .011 

+  .006 

+  .017 

-.011 

12.5 

+  .019 

+  .010 

+  .009 

+  .020 

-.011 

13.5 

+  .016 

+  .011 

+  .005 

+  .021 

-.016 

14.5 

+  .028 

+  .011 

+  .017 

+  .021 

-.004    • 

15.5 

+  .028 

+  .011 

+  .017 

+  .019 

-.002    ■ 

16.5 

+  .016 

+  .011 

+  .005 

+  .016 

-.011 

17.5 

+  .020 

+  .010 

+  .010 

+  .013 

-  .003 

18.4 

-.012 

+  .007 

-.019 

+  .008 

-.027 

19.2 

+  .002 

+.005 

-.003 

+  .004 

-.007 

Means 

+  .010 

+  .011 

-  .003 

-.009 

1 

TABLE   K 

Decl.     Group  a 

,  5''   42'" 

M 

tJ-P 

M.  T. 

H8       dli 

(O-C)i    p 

0-C)2 

0.972 

+  .032 

ii 
3.6 

+  .10  +.00 

-.50   -.22 

-.28 

0.985 

+  .162 

4.6 

+  .08  +.63 

-.55   -.17 

-.38 

1.000 

+  .356 

5.6 

+  .40  +.65 

-.25   -.11 

-.14 

1.006 

+.483 

6.5 

+  .76  +.66 

+  .10   -.05 

+.15 

1.030 

+  .263 

7.4 

+  .76  +.66 

+  .10  +.02 

+  .08     . 

1.040 

+  .242 

8.5 

+  .84   +.67 

+  ,17  +.09 

+  .08     . 

1.042 

+  .220 

9.5 

+  .89   +.66 

+  .23  +.15 

+.08 

1.044 

+.118 

10.4 

+.79   +.66 

+  .13   +.20 

-.07 

1.051 

+  .103 

11.6 

+  .76  +.66 

+  .10  +.24 

-.14 

1.050 

+  .026 

12.5 

+.90  +.65 

+  .25   +.26 

-.01 

1.030 

+  .064 

13.5 

+  .85  +.64 

+  .21    +.26 

-.05 

1.024 

+  .090 

14.5 

+  .71   +.64 

+  .07   +.25 

-.18 

1.011 

+  .103 

15.5 

+  .75  +.64 

+  .11    +.22 

-.11 

1.009 

+  .144 

16.5 

+  .92   +.64 

+  .28   +.17 

+  .11 

0.992 

+  .079 

17.5 

+  .61    +.62 

-.01    +.12 

-.13 

0.988 

-.115 

18.4 

+  .50   +.56 

-.06    +.06 

-.12 

0.980 

-.277 

19.2 

+  .61   +.59 
+  .68   +.64 

+  .02        .00 

+  .02 
-  .06 

completely    eli 

tninatec 

the    consta 

1 
nts    in    R.  A.    and; 

Decl. 

From  t 

le  aiiov 

e  tables  we  li 

ave 

U.  A 

IVIean 

,lli 


Mean 

(o-Oi 


Decl. 
Mean       Mean 
dR.        (O-G)i 


5''  +t).Ul()  +0.011  -O.OOIJ  +0.()8  +0.64  +-0.02 
18''  +0.0)33  +0.033  +0.002  +0.4U  +0.42  +0  04 
All     +0.024    +0.022   +0.002      +0.51    +0.52    -0.01 
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TABLE   K     R.A.     Group  at  18''  5" 


M.T. 

"a 

ilR 

(O-C)i 

P 

(0-C)., 

h 

2.7 

+  .010 

+  .031 

-.021 

-.015 

s 
-  .00(j 

3.6 

+  .009 

+  .032 

-.023 

-.014 

-  .009 

4.5 

+  .003 

+  .034 

-.031 

-.013 

-.018 

5.5 

+  .026 

+  .035 

-.009 

-.011 

+  .002 

6.5 

+  .031 

+  .036 

-  .005 

-.uos 

4-  .003 

7.5 

+  .041 

+  .034 

+  .007 

-.005 

+  .012 

8.5 

+  .037 

+  .034 

+  .003 

-.001 

+  .004 

(1.5 

+  .034 

+  .033 

+  .001 

+  .003 

-.002 

10.4 

+.047 

+  .033 

+  .014 

+  .()()(•) 

+  .008 

11.4 

+  .045 

+  .032 

+  .013 

+  .010 

+  .003 

12.5 

+  .04S 

+  .032 

+  .016 

+  .013 

+  .003 

13.5 

+.039 

+  .032 

+  .007 

+  .014 

-  .007 

14.5 

+  .042 

+  .034 

+  .008 

+  .015 

-  .007 

15.5 

+  .03S 

+  .033 

+  .(M)5 

+  .015 

-.010 

16.5 

+  .045 

+  .034 

+  .011 

+  .013 

-.002 

17.5 

+  .043 

+  .034 

+  .009 

+  .011 

-.002 

1S.5 

+  .045 

+  .033 

+  .012 

+  .008 

+  .004 

19.4 

+  .023 

+  .032 

-  .009 

+  .005 

-.014 

20.3 

+  .037 

+  .031 

+  .006 

+.002 

+  .004 

21. 1 

+  .055 

+  .032 

+  .023 

-  .002 

+  .025 

Mi.';iu.s 

+  .033 

+  .033 

+  .002 

.000 

TAULE   K     U.  A.  Groups  5''  42'"  ami  18''  5'" 


TABLE   K     Decl.     Group  at   18''  5" 


M 

MP 

M.  T. 

«5 

dR 

(0-C),    p 

O-C)-, 

0.995 

-.049 

2.7 

-.05 

+  .37 

-.42   -.36 

-.06 

0.983 

+  .109 

3.6 

-.05 

+  .40 

-.45   -.31 

-.14 

0.978 

+  .310 

4.5 

+  .11 

+  .44 

-.33   -.25 

-.08 

0.971 

+  .522 

5.5 

+  .40 

+  .47 

-.07   -.16 

+  .09 

0.967 

+  .559 

6.5 

+  .47 

+  .48 

-.01    -.06 

+  .05 

0.965 

+  .398 

7.5 

+  .47 

+  .45 

+.02   +.04 

-  .02 

0.963 

+  .370 

8.5 

+  .53 

+  .44 

+  .09   +.14 

-.05 

0.961 

+  .262 

9.5 

+  .59 

+  .42 

+  .17   +.22 

-.05 

0.962 

+  .226 

10.4 

+  .65 

+  .42 

+  .23  +.29 

-.06 

0.9(i9 

+  .161 

11.4 

+  .68 

+  .40 

+  .28   +.35 

-.07 

0.977 

+  .146 

12.5 

+  .77 

+  .40 

+  .37   +.38 

-.01 

0.988 

+  .126 

13.5 

+  .,S1 

+  .41 

+  .41    +.39 

+  .02 

0.997 

+  .154 

14.5 

+  .72 

+  .41 

+  .31    +.36 

-.05 

l.(K)4 

+  .159 

15.5 

+  .59 

+  .43 

+  .16   +.32 

-.16 

1.013 

+  .134 

16.5 

+  .74 

+  .43 

+  .31    +.25 

+  .06 

1.026 

+  .143 

17.5 

+  .61 

+  .42 

+  .19   +.16 

+  .03 

1.035 

-.017 

1,S.5 

+.48 

+  .39 

+  .09   +.06 

+  .03 

1.044 

-.144 

19.4 

+  .35 

+  .38 

-.03   -.03 

.00 

1.048 

-.263 

20.3 

+.26 

+.37 

-.11    -.12 

+  .01 

1.044 

-.376 

21.1 

-.05 

+  .38 

-.43   -.19 

-.24 

Means 

+  .46 

+  .42 

+  .04 

-.04 

M.  T. 

"■<x 

dU 

(O-C)i 

P 

(0-C)2 

ii 

s 

8 

8 

g 

g 

2.7 

+.010 

+  .019 

-  .009 

-.013 

+  .004 

3.() 

-  .009 

+  .021 

-  .030 

-.014 

-.016 

4.5 

-.018 

+  .023 

-.041 

-.014 

-.027 

5.6 

+  .007 

+  .026 

-.019 

-.013 

-.006 

6.5 

+  .023 

+  .028 

-.005 

-.012 

+  .007 

7.5 

+  .030 

+  .025 

+  .005 

-  .009  • 

+  .014 

8.5 

+  .028 

+  .025 

+  .003 

-  .00(1 

+  .009 

9.5 

+  .031 

+  .024 

+  .007 

-.002 

+  .009 

10.4 

+  .032 

+  .023 

+  .009 

+  .001 

+  .008 

11.5 

+  .028 

+  .022 

+  .006 

+  .005 

+  .001 

12.5 

+  .029 

+  .022 

+  .007 

+  .008 

-.001 

13.5 

+  .024 

+  .021 

+  .003 

+  .011 

-.OOS 

14.5 

+  .033 

+  .022 

+  .011 

+  .013 

-.002 

15.5 

+  .032 

+  .022 

+  .010 

+  .014 

-.004 

i(;.5 

+  .031 

+  .023 

+  .008 

+  .014 

-  .006 

17.5 

+  .032 

+  .022 

+  .010 

+  .013 

-.003 

18.5 

+  .019 

+  .019 

.000 

+  .012 

-.012 

19.4 

+  .016 

+  .018 

-.002 

+  .009 

-.011 

20.3 

+  .037 

+  .018 

+  .019 

+  .006 

+  .013 

21.6 

+  .055 

+  .017 

+  .038 

+  .004 

+  .034 

Means 

+  .024 

+  .022 

+  .002 

.000 

TABLE   K     Dccl.     Groujjs  5''  42'"  and  18''  5" 


M          i^P 

M.  T. 

n,        dR 

(0-C) 

P 

0-C)2 

0.995    -  .OliO 

ii 
2.7 

-.05 

+  .50 

-..55 

-.36 

-.19 

0.980   +.083 

3.6 

.00 

+  .51 

-.51 

-.30 

-.21 

0.981    +.239 

4.5 

+  .10 

+  .52 

-.42 

-.23 

-.19 

0.986   +.438 

5.6 

+  .40 

+  .54 

-.14 

-.13 

-.01 

0.987   +.521 

6.5 

+  .62 

+  .55 

+  .07 

-.04 

+  .11 

0.998   +.331 

7.5 

+  .61 

+  .54 

+  .07 

+  .07 

.00 

1.002  +.306 

8.5 

+  .68 

+  .54 

+  .14 

+  .18 

-.04 

1.001   +.241 

9.5 

+  .74 

+  .53 

+  .21 

+  .26 

-.05 

1.005   +.169 

10.4 

+  .72 

+.53 

+  .19 

+  .33 

-.14 

1.021    +.125 

1 1 .5 

+  .73 

+  .52 

+  .21 

+  .38 

-.17 

1.02(i    +.066 

12.5 

+  .86 

+  .52 

+  .34 

+  .41 

-.07 

1.016    +.0.S5 

13.5 

+  .84 

+  .52 

+  .32 

+  .40 

-.08 

1.015    +.111 

14.5 

+  .71 

+  .52 

+  .19 

+  .37 

-.18 

1.008   +.127 

15.5 

+  .68 

+  .52 

+  .16 

+  .31 

-.15 

1.011    +.139 

Hi.5 

+  .83 

+  .53 

+  .30 

+  .23 

+  .07 

1.009  +.111 

17.5 

+  .61 

+  .52 

+  .09 

+  .14 

-.05 

1.014    -.()(i2 

1S.5 

+  .49 

+  .49 

.00 

+  .04 

-.04 

1.022    -.188 

19.4 

+  .44 

+  .50 

-  .0(> 

-  .06 

.00 

1.048    -.263 

20.3 

+  .26 

+  .54 

-.28 

-.15 

-.13 

1.044    -.376 

21.1 

-.05 

+  .56 

-.61 

-.23 

-.38 

Means 

+  .51 

+  .52 

-.01 

-.10 
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The  small  valuos  of  moan  (O-C)i  show  that  dli  has 
.straightened  and  shifted  the  meteorological  meridian 
ancj  zenith  to  agree  with  the  true  meridian  and  zenith 
of  the  instrument,  and  in  doing  so  has  eliminated  the 
resultant  drift  of  tlu^  oliservations  toward  the  north- 
east. (O  -  C)i  was  then  solved  for  n  sin  WMT 
+  b  eos  WMT  to  obtain  the  value  of  Ihr  p-term  in  the 
residual   diurnnl  effect,  as  for  Aliiany.  ijiving 

5''  group 

p  =   -0^0]0I  sin  W.M.T.   -()^0184  cos  W.M.T. 
=  +0\0210  cos  (13''  5.')-  -  W.M.T.) 
=   -0".0S2  sin  W.M.T.  -0".253  cos  W.M.T. 
=  +0".26.-)  cos  (13''  12'"  -  W.M.T.) 


IS*"  group 

p  =   -0\0096  sin  W.M.T. 
=   +0\014n  cos  (14'' 40- 
=  -0".103  sin  W.M.T. 
=  +0".387  cos  03''  2'"  - 


All 


p  =  -0\012.^i  sin  W.M.T. 
=  +0^0142  cos  (16i'3"' 
=  -0".085  sin  W.M.T. 
=  +0".407cos  (12'' 48'" 


-0\0114  cos  W.M.T. 
-  W.M.T.) 
-0".373  cos  W.M.T. 
W.M.T.) 


-O.0070  W.M.T. 

W.M.T.) 
■0".398  cos  W.M.T. 
-  W.M.T.) 


The  results  of  these  solutions  for  Fn  +  Fnp  and  p  terms 
show  that  the  normal  shift  for  Washington,  due  to 
ilR,  was 


+  0"  .022   +0^  .0142  cos  (Hi''    3" 
+  0".52     +0".407     cos  (12'' 48" 


-  W.M.T.) 

-  W.M.T.) 


Objection  may  lie  made  to  removing  the  constant  l)v 
means  of  Ffi  +  Ftip  instead  of  merely  taking  out  a 
constant.  The  taking  out  of  the  constant  before  all 
known  forms  of  error  have  been  corrected  for  is  not 
defensible,  especially  when  such  a  well  marked  cosine 
term  is  contained  in  the  residuals.  If  the  ??,  and  vi 
were  known  for  each  hour  of  the  24  hours  we  could 
assume  the  means  were  true  constants,  but  to  do  so  in 
the  present  case  would  be  erroneous.  In  order  to 
show  that  the  p-term  {a  sin  W.M.T.  -|-  h  .'os  W.M.T.) 
will  be  very  little  affected  by  the  removal  of  a  constant, 
a  constant  was  applied  to  eacli  group  and,  solving  for 
a  sine  and  and  cosine  term,  we  ol)taincd 

S""  group 

-f  0».010  -0\0075  sin  W.M.T.   -0\0209  cos  W.M.T. 

-|-0\010  -|-0\0222  cos  (13''  19'"  -  W.M.T.) 

-f  0".68  -0".076  sin  W.M.T.  -0".242  cos  W.M.T. 

-f0".68  -|-0".254  cos  (13''  10'"  -  W.M.T.) 


18''  group 
-f0\033  -0\0078  sin  W.M.T.  -0\0138  cos  W.M.T. 
-f-0\033  -f0\0159  cos  (13''  58'"  -  W.M.T.) 
+  ()".46  -0".0n3  sin  W.M.T.  -0".30r)  cos  W.M.T. 
+  ()".46  +0".377  cos  (12''  58'"  -  W.M.T.) 

All 
-H0^021  -0\01()2  sin  W.M.T.  -0^0080  cos  W.M.T. 
+  0\024  4-0\0130  cos  (15''   30'"  -  W.M.T.) 
+  i)"SA   -0".0G8  sin  W.M.T.  -0".405  W.M.T. 
-hO".51   -f0".411  cos  (12'' 38'"  -  W.M.T.) 

The  almost  perfect  agreement  of  these  values  with 
those  obtained  by  using  Ffx  +  Ffip  would  indicate  that 
the  application  of  dR  would  help  remove  the  large 
term  in  the  Washington  observations  discussed.  Also, 
it  will  be  noticed  that  the  addition  of  the  terms 
sin  2  MT  +  eos  2  MT,  wiiich  were  not  used  in  this  in- 
vestigation would,  as  for  Albany,  improve  the  results. 
That  ?)3  is  not  a  constant  but  a  \<\\'  strong,  well 
marked  diurnal  term  is  shown  in  the  follov^ing  exhibit. 


WMT 

Co.s'MT 

n'i 

WMT 

Cop"MT 

n"s 

Cos' 
—  Cos" 

n'i 
—  7i"s 

h      m 
2  41 

-F.7(i3 

-O.O.") 

h'so' 

-.793 

+0.71 

+  1..56 

-076 

.3  3S 

-I-.581 

0.00 

l.'j  30 

-.609 

+0.6S 

+  1.19 

-0.68 

4  32 

+  .375 

+0.10 

16  29 

-.387 

+0.83 

+0.76 

-0.73 

5  33 

+  .118 

+0.40 

17  28 

-.139 

+0.61 

-0.02 

-0.21 

6  28 

-.122 

+0.02 

18  28 

+  .122 

+0.49 

-0.24 

+0.13 

7  27 

-.371 

+0.61 

19  22 

+  .350 

+0.44 

-0.72 

+0.17 

8  30 

-.609 

+0.(18 

20  17 

+  ..'570 

+0.26 

-1.17 

+0.42 

0  28 

-.7SS! 

+0.74 

21     6 

+  .725 

-0  05 

-1.51 

+0.79 

In  the  table,  the  dependence  of  tn  upon  the  cosine 
W.M.T.  will  be  recognized  at  a  rJance. 

This  marked  dependence  upon  tlie  time  of  day  that 
the  observation  was  marie  is  further  shown  by  the 
variations  in  the  1700  observations  of  a  Lyrcc.  (See 
Poprdar  Astronomy,  Vol.  XXX,  No.  3,  page  1G5).  It 
would  be  extremely  interesting  to  see  if  the  correction 
to  nutation  from  night  observations  and  from  day 
observations  would  not  be  much  more  accordant  if  the 
observations  were  corrected  for  tiie  effects  of  dR. 
And  this  confirmation  of  the  diurnal  term  and  dR  is 
ospecially  valuable  as  the  ob.servations  were  made 
witli  the  prime  vertical  transit  instrument. 

In  the  sanio  volun  e  appears  another  article  which 
also  shows  that  a  diiu'ual  (effect  is  beiicr  noticed  in  ,S'(//( 
observations. 


.S('C%-  .15            .iSCOITip. 

.Ian.  +2.41  +1.01   +1.01 

Feb.  +0.95  +1.19  +0.40 

Mar.  +0.11  +0.IS  +0.05 

Apr.  -0.34  -0.37  -0.14 

May  -0.52.  -0.48  -0.22 

June  -0.5()  -0.52  -0.24 


>■!'(■-            ^i      A- cnmp. 

.lulv 

-0.53  -0.89  -0.22 

Aug. 

-0.43  -0.83  -0.18 

Sept. 

-0.14  -0.69  -0.06 

Oct. 

+  0.52  +0.25  -f  0.22 

Nov. 

+  1.82  +0.67  +-0.7G 

Dec. 

+  3.00  +1.02  +1.2G 
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Column  soo°2  is  (l(M-ivo(l  l)y  siihlractiiip;  soc'-j  of  llip 
Washington  latitude  from  soc-j  of  the  Sun's  (iooliiia- 
tion.  Ai  is  copied  from  Hammond's  artiele  andAs  eoni|). 
is  derived  from  a  solution  giving;  Aa  =  +n".12  sec'-,;. 
The  perfect  agretnnent  in  sign  and  (lie  general 
reduction  of  the  original  residuals  suggests  that  there 
may  he  some  connection  hetwccMi  r/A'  and  A>. 

In  the  Annnaris  Axt.rniiowicoprl  1923,  Touino 
appears  an  article  on  the  Diurnal  Variation  of  l;atitude 
which  \vo>dd  appear  to  he  another  manifestation  of 
the  effect  of  rUi.  After  conference  with  Du.  Kimura 
on  the  occasion  of  his  recent  visit  to  the  Dudley  Ob- 
servatory, it  seems  probable  that  the  elTert  of  differ- 
ential refraction  on  the  latitude  observations  will  re- 
move a  large  part  at  least  of  the  j-term.  Tiien  there 
is  the  question  as  to  what  extent  the  dR  term  ilTects  the 
observations  of  the  Snn,  Moon,  and  I'luiiffs,  both 
fiirectly  and  indirectly,  through  tii(>  atlopt cd  dock  roi-- 
rections.  Also,  this  phenomenon  is  undoulitedly  the 
cause  of  different  systematic  corrections  to  rataJogues, 
depending  on  whether  we  use  brigiit  or  faint  stars.  In 
the  observations  of  the  bright  stars,  taken  more  or  less 
throughout  the  24  hours  of  the  day,  the  effect  of  dR 
will  tend  to  eliminate;  in  the  observations  of  the  faint 
stars  taken  ahvays  at  night  it  will  not.  The  various 
attempts  to  solve  this  perplexing  proliiein  have  held  up 
the  reductions  of  the  San  Luis  and  Albany  observa- 
tions for  some  time  and  we  are  fiUly  aw:ire  of  the  im- 
patience felf.  in  some  (|uart,ers,  over  the  long  delay. 
Inasmuch,  however,  as  the  series  of  investigations  have 
enabled  us  to  explain  in  a  natural  way  so  many  of  the 
points  which  have  been  puzzling  meridian  observers 
for  years,  we  fee!  that  the  time  has  been  W(>11  spent. 
With  physical  explanations  for  most  of  the  known 
systematic  errors  and  means  of  eliminating  or  evaluat- 
ing them,  we  plan  to  reduce  and  discuss  all  the  I'und- 
amcntal  stretches  both  in  R.  A.  and  Z.  1).,  for  both 
series  of  observations,  those  of  San  Luis  and  Albany, 
as  one  connected  scries,  as  only  by  so  doing  can  certain 
fundamental  questions  be  settled. 

In  this  preliminary  investigation  no  rejrrtions  nor 
changes  in  the  orujinal  data  have  been  nllowed.  All  cor- 
rections, such  as  corrections  to  circle  readings  derived 
from  the  Nadir,  (N-S)  both  in  R.  A.  and  Z.  D.,  and 
sine  flexure,  have  been  considered  as  absolute.  In 
other  words,  all  instrumental  corrections  determined  bi/ 
special  observations  have  been  considered  as  final  and  so 
used.     All  observations  have  been  used  with  their  full 


W(M'glit.  In  the  second  approxiniat  inn  we  shall  feci 
wni'i'anlcd  in  I'cjccling  all  residuals  exceeding  5  x  p.  e., 
after  the  residuals  li:i\'(^  been  corrected  by  the  first 
Mpproxinial  ion.  In  this  way,  «('  hope  to  obtain  tru(> 
positicuis  of  the  stars  and  not  the  positions  of  the  stars 
as    they    should    lia\e    been    to    a.,!';ree    with    the    other 

defern'itiations.  .\nd,  in  using  the  places  of  P.  (!.('., 
we  will  endeavor  to  so  cond)ine  the  observations  that, 
except  for  the  zi'i'o  point  in  R.  A.,  concluded  positions 
will  be  independent  of  /-'.  (I.  ('.  As  indicated  else- 
wliei-e.  !'.('.('.  places  will  be  used  oidy  as  a  rough 
sc;de  to  detei-niine  the  systematic  errors  in  the  observa- 
tions ;nid  then  the  errors  of  the  scale  will  be  determined. 

SUMMARY 

1.  Tliere  is  a  varying  prismatic  effect  due  to  the 
changes  in  th(^  strata  of  the  atmosphere. 

2.  The  total  effect  is  esscMitially  a  sin'ft  of  the 
nieteorologic^d  zenith. 

;i.  The  teni]ierature,  and  not  the  barometer,  is  the 
coni  rolling  factor. 

1.  Expressions  have  been  derived  for  the  effect  of 
this  phenomenon  on  observations. 

rt.  When  these  expressions  have  been  ajjplied  to  the 
observations,  llu^  (N-D)  has  been  substantially  re- 
duced. If  humidity  nnd  »SI?<n-temperature  had  been 
enijiloyed  in  the  oiiginal  solution  for  dR,  the  diurnal 
tei'iii   would  liave  been  completely  eliminated. 

(').  The  diurnal  tertn  is  due  directly  to  the  atmos- 
phere. Its  law  is  a  sin  (a  —  ©)  -|-  b  cos  (a  —  G) 
+  (■  sin  2  (a  -  O)  +  d  cos  2  (a  -  O). 

7.  The  systematic  corrections  Aa,  and  A5»  have 
been  practically  eliminated. 

S.  Tlu>  application  of  dR  brings  the  observations 
north  and  south  of  the  zenith  into  better  agreement 
without  tJie  application  of  a  constant. 

0.  Tests  of  published  results  of  other  observatories 
show  that  tlu^  phenomenon  is  not  Ioc.mI. 

Fdiihiiilc:  In  I'arf  II,  to  be  ptil)lislir(f  ms  .•in  nppcndix  to  t,lip  re- 
print, (if  tills  article  we  will  give  the  forniula  fur  and  diseiis.sion  of 
our  method  of  "fundamental  reductions,"  presenting  the  detailed 
method  of  eliininatinf;  .and  evaluating  all  systematie.  errors. 

Dmllcy  Olmrmlnrij, 
March  US,  1922. 
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OBSERVATIONS   OF   COMET    1921a    (REID), 

WITH    THE    2G-INCH    REFR.iCTOR   OP   THE   U.  S.    NAV.^L   OB.SERV.iTORY, 

By  ERNEST  CLARE  BOWER. 

[Communicated  by  Captain  ^^'.  D.  M.\cDougall,  U.  S.  Navy,  Superintendent  of  I'.  S.  Naval  Observatorj 


C.  M.  T. 

App.  a 

App.  d 

^->r               1    Comp. 

iog  A" 

Ap.  pi.  red.  of  "ff 

Seeing 

• 

1921 

Mar.  22.91G79 

h      m      s 

20  19  19.53 

-13  47  27.6 

-0  14.56    -1  14.3 

f/lO  ,  8 

9.566?i  0.803 

+  0^55  +6.5 

vp 

1 

26.91826 

20  21  33.78 

-10  56  33.5 

+  0  24..54    +1  28.5 

rfl2,S 

9.536«  0.798 

+  0.64  +6.0 

P 

3 

28.87715 

20  22  39.44 

-    9  21  31.9 

-0  12.72   +2  22.9 

dl0,8 

9.606n  0.776 

+0.68  +5.7 

t'P 

5 

Apr.      1.88834 

20  24  55.89 

-   5  37  47.7 

-1  28.15   +1  24.8 

t40  ,  S 

9.566«  0.769 

+  0.77  +4.8 

P 

6 

Mav     9.63938 

3    1  38.39 

+  85  25  21.6 

-0  10.29    -0  25.4 

dlO  ,  8 

0.383     0.822 

-4.25  -1.7 

f 

7 

16.68679 

7  25  35.55 

+  74    5  18.7 

-1    4.94   +1  37.2 

dlO  ,  S 

0.186    0.612 

+0.15  +2.G 

f 

9 

20.71361 

7  44  22.25 

+  68  14  35.3 

-0  54.52   -0  15.3 

rflO  .  £ 

0.019    0.734 

+  0.39  +1.3 

f 

10 

31.69067 

8    2  17.54 

+  57  13  24.3 

+  0    4.51    -0  12.9 

r/10,8 

9.864     0.769 

+  0.55  -1.7 

P 

11 

Mar.  26.     Faint.     Clouds.     Twilight.     Hurried.     Wires  fluctuating.     Very  poor  observation.     Mar.  28.     10" 
Apr.  1.     Poor  transits  of  comet.     ]\Iay  16.     7"'.     ]May  20.     Bright  moonlight.     Haze. 


Mean 

Places  of  Comparison 

Stars  for  Beginning  of  Year 

* 

a 

8 

Authority 

M 

a 

5 

Authority 

1 

h      m      s 

20  19  33.. 54 

-13  46  19.8 

11'".  eomp.  with  2.  1921 
Mar.    26,    Aa  =  -9».38, 
A5=  -7'  13".6,  1921.0 

7 

h      m       s 

3     1  52.93 

+  85  25  48.7 

11"',  eomp.  with  8,  1921 
Nov.22,Ao=  -5"'4«.21, 
A5=+3'20".0,1921.0     I 

2 
3 

20  19  42.92 
20  21     8.60 

-13  39    6.2 
-10  58    8.0 

1  ,  „  \  Camb.  U.S.  7 l9o 
^          (Wa.sh'n       7673 
B.D.     -11.5328    (9.2) 

8 
9 

3    6  57.14 
7  26  40.34 

+  85  22  28.7 
+  74    3  38.9 

Astr.Grn.imO,  734          1 
lAstr.^  +74.0736,3031 
Cm.   }  +75.0715,3031  \ 

eomp.     with    4,     1921 

10 

7  45  16.38 

+68  14  49.3 

>4.«(;r.Grr?.  1900,12728 

Apr.  1,  Aa=+1"44*.37 

11 

8    2  12.48 

+  57  13  38.9 

/?.£>. +57. 1122(9.5) 

AS=  -2'  32".l, 1921.0 

con  p.    ulth     12.     1921 

4 

20  19  24.23 

- 10  55  35.9 

A.G.Carnb.U.S.  7191 

Nov.    29.    Aa=+7"' 

5 

20  22  51.48 

-   9  24    0.5 

A.G.  Wien-Ottak.    7256 

11M2,     A6  =  +3'51".l, 

6 

20  26  23.27 

-    5  39  17.3 

1  ,     .  ^  Wien-Ottak. 12m 
'     '    '\  Struiszbunj    7105 

12 

7  55     1.36 

+  57    9  47.8 

1921.0 

A.G.  Hels.  5324 

V,  S.  Naval  Observatory,   WashingUm,  D.  C. 
1922,   Mar.   10. 
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THE   ORBIT  OF  COMET   1788  II,* 

H\  MARGAKET'IA  P.\LMKR. 


Comet  1788  II,  the  second  discovered  by  Caroline 
Hekschel.  was  first  seen  by  her  (Philosophical  Tran- 
sactions, volume  LXXIX,  1789,  page  151:  Memoir 
and  Correspondence  of  Caroline  Herschel,  page  83) 
December  21,  1788,  at  her  brother's  observatory  at 
Slough,  where  it  was  also  observed  by  the  latter  with 
his  10-foot  reflector  that  evening  and  several  times 
later. 

Herschel  describes  the  comet  at  the  time  of  dis- 
covery {Memoir  and  Correspondence,  page  83)  as  "a 
pretty  visible  object,"  "a  much  larger  object  than  the 
nebula  near  0  Lyrce,  discovered  by  Mr.  Darqcier,  of 
Toulouse  (Connaissance  des  Temps,  page  75)."  Again 
{Memoir,  page  84)  he  says  that  in  his  "10-foot  reflector 
it  had  the  appearance  of  a  considerably  bright  nebula, 
of  an  irregular,  round  form,  very  gradually  brighter  in 
the  middle,  and  about  5  or  6  minutes  in  diameter," 
adding,  "the  siutation  was  low,  and  not  very  proper 
for  instruments  with  high  powers."  From  this  com- 
parison with  the  nebula  the  comet  with  its  greater 
diameter  and  situation  near  the  horizon  might  be  con- 
sidered as  of  magnitude  7.5  or  8.  Under  date  of 
December  22  Herschel  writes,  "This  and  several 
evenings  afterwards  I  viewed  the  comet  again  with 
such  powers  as  its  diluted  light  would  permit,  but 
could  not  perceive  any  sort  of  nucleus  which,  had  it 
been  a  single  second  in  diameter,  I  think,  could  not 
well  have  escaped  me." 

*  Read   at  the  Swarthmore  meeting  of  the  American  Astronom- 
ical Society,  December,  1921. 


The  recoriled  observations  lca\('  no  doubt  that  the 
comet  was  at  all  times  an  inconspicuous  oliject  without 
any  visible  tail.  As,  however,  it  was  not  observed  till 
long  after  perihelion  and  as  it  was  situated  too  low  for 
good  observations  a  tail  would  scarcely  have  been  vis- 
ible. The  comet  showed  no  distinct  nucleus.  Full  de- 
tails of  its  physical  appearance  and  theoretical  brilliancy 
arc  given  by  Holetsciiek  {Griisse  und  HeUiqkeit  der 
Kometen  2,  1905,  pages  572-5741. 

This  comet  was  observed  by  four  observers  at  four 
observatories  on  sixteen  nights.  It  passed  its  peri- 
helion November  20,  and  was  nearest  the  earth  October 
31,  when  it  was  about  75,000,000  miles  distant  from 
it.  During  the  forty-five  days  of  its  visibility  it 
traversed  14°  in  right  ascension  and  33°  in  declination. 
The  heliocentric  arc  traversed  was  36°. 

The  Sun's  coordinates,  given  below,  were  computed 
from  Newcomb's  Tables  of  ■the  Sun  for  Berlin  mean 
noon  of  every  second  day.  This  table,  as  well  as  the 
corresponding  tables  for  Comet  1786  II  {Astronomical 
Journal  744,  page  189)  and  comet  1797,  whose  defini- 
tive orbit  is  not  yet  completed,  was  computed  before  a 
definite  plan  of  proceilure  was  decided  upon.  It  was, 
therefore,  less  laborious  to  utilize  these  tables  than  to 
repeat  the  computations  for  Greenwich  mean  noon, 
which  should  have  been  chosen.  The  checking  by 
means  of  Hansen's  Tables,  as  well  as  other  details  of 
the  present  diiscussion,  was  carried  out  in  a  manner 
exactly  similar  to  the  former  work. 


TABLE    I 
Sun's  Coordinates  for  Berlin  Mean  Moon,  Equator  and  Mean  Equinox,   1789.0 


Berl^Ji-|   ,^„^,„,^ 

Latitude 

log.  R 

X 

r 

Z 

Sidereal  Time 
of  Mean  Noon 

Equation 
of  Time 

1788   ; 

O     1           • 

h   m   s 

m   s 

t  Dec.  18.0 

267  19  15.18 

-0.65 

9.9927945 

-0.04.59732 

-0.9012106 

-0.3912389 

17  50  52.03 

-  2  33.36 

20.0  269  21  30.28 

.61 

9.9927516 

-  .0110123 

.9020514 

.3916036 

58  45.14 

1  33.46 

22.0 

271  23  48.09 

.44 

9.9927175 

-f  .0239691 

.9017694 

.3914803 

18  6  .38.25 

-  0.33.29 

24.0 

273  26  8.10 

-  .19 

9.9926910 

.0589262 

.9003614 

.3908678 

14  31.37 

+   0  26.89 

26.0 

275  28  29.63 

-f-  .06 

9.992G717 

.0938133 

.8978287 

.3897669 

22  24.49 

1  26.75 

28.0 

277  30  51.94 

.27 

9.9926593 

.128.5839 

.8941719 

.3881784 

.30  17.61 

2  25.99 

30.0 

279  33  14.30 

-1-0.44 

9.9926538 

-1-0.1631927 

-0.8893970 

-0.3861046 

18  38  10.73 

3  24.25 

1789 

,)an.  1.0 

281  35  36.12 

4-0.49 

9.9926556 

j  -1-0.1975946 

-0.8835101 

-0.383.5488 

18  46  3.84 

4  21.42 

3.0 

283  37  56.76 

.43 

9.9926652 

1    .2317451 

.8765208 

.3805148 

53  56.95 

5  17.06 

5.0 

285  40  15.66 

.28 

9.9926833 

.2656008 

.8684401 

.3770076 

19  1  50.05 

6  10.98 

7.0 

287  42  32.52 

-1-  .04 

9,9927109 

.2991205 

.8592806 

.3730325 

9  43.17 

7  2.94 

9.0 

289  44  47.07 

-  .23 

1  9.9927488 

1  +   .3322635 

-  .8490566 

-  .3685955 

17  36.29 

+   7  52.71 

N"-  802 


THE     ASTRONOMICAL     JOURNAL 


85 


Berlin  Mean 
Time 

Longitude 

Latitude 

log.  R 

A- 

Y 

Z 

Sidereal  Time 
of  Mean  Noon 

Equation 
of  Time 

1789      .  ,   , 

, 

h  m   s 

Jan.  11.0 

291  46  59.41 

-0.47 

9.9927979 

+  0.3649918 

-0.8377821 

-0.3637023 

19 

25  29.42 

+  8  40^21 

13.0 

293  49  9.80 

.62 

9.9928586 

.3972683 

.82.54723 

.3583590 

33  22.54 

9  25.18 

15.0 

295  51  18.59 

.64 

9.9929306 

.4290564 

.8121406 

.3525715 

41  15.65 

10  7.58 

17.0 

297  53  25.94 

.55 

9.9930130 

.4603183 

.7978016 

.3463461 

49  8.75 

10  47.28 

19.0 

299  55  31.77 

.34 

9.9931045 

.4910150 

.7824701 

.3396892 

57  1.86 

11  24.17 

21.0 

301  57  35.64 

-  .09 

9.9932039 

.5211068 

.7661636 

.3326090 

20 

4  54.97 

11  58.10 

23.0 

303  59  37.10 

+  .16 

9.9933103 

.5505546 

.7489013 

.3251138 

12  48.10 

12  28.96 

25.0 

306  1  35.52 

.35 

9.9934229 

.5793195 

.7307052 

.3172135 

20  41.21 

12  56.70 

27.0 

308  3  30.21 

.46 

9.9935415 

.6073644 

.7115992 

.3089186 

28  34.32 

13  21.20 

29.0' 

310  5  20.57 

.47 

9.9936660 

.6346534 

.6916091 

.3002402 

36  27.43 

13  42.38 

31.0 

312  7  5.95 

.39 

9.9937963 

.6611517 

.6707620 

.2911906 

44  20.53 

14  0.23 

Feb.  2.0 

314  8  45.77 

+  .19 

9.9939330 

.6868275 

.6490871 

.2817821 

52  13.63 

14  14.73 

4.0 

316  10  19.61 

-  .05 

9.9940766 

.7116503 

.6266142 

.2720273 

21 

0  6.74 

14  25.86 

6.0 

318  11  47.15 

.31  . 

9.9942278 

.7355925 

.6033737 

.2619394 

7  59.86 

14  33.65 

8.0 

320  13  8.30 

-0.50 

9.9943878 

+  0.7586282 

-0.5793969 

-0.2515316 

15  52.68 

+  14  38.11 

1789.0  f  =  23°  28'  0".26 


Of  the  two  system.s  of  elements  computed  by 
Mechain  {Mimoires  de  Paris  1789,  page  684;  Berliner 
Jahrbiich,  1793,  page  119;  a.nd  Connaissance  des  Tenips, 
1792,  page  354;  Berliner  Jahrbuch,  1794,  page  93) 
the  latter,  derived  from  his  own  observations  with 
those  of  Messier  and  Maskelyne,  was  assumed 
as  the  basis  of  this  discussion.  As,  however,  the 
observed  places  were  found  to  differ  considerably 
from  this  orbit  Mechain's  elements  were  examined 
with  a  view  to  a  preliminary  correction.  The  ex- 
tremely doubtful  February  observations  were  omitted 
and,  since  the  later  January  observations  were  also 
uncertain,  January  6  was  selected  as  the  date  of  the 
middle  place.  Normal  places  were  found  for  Decem- 
ber 26.0,  January  5.5,  and  January  16.0.  The  angle 
between  the  great  circles  on  which  the  first  and  third 
places  of  the  comet  and  the  middle  places  of  the  Earth 
and  comet,  respectively,  were  situated  —  Hansen's 
critical  angle  —  was  found  to  be  1°  6'.  The  difference 
02  —  00,    +13',  showed  that   the  middle  place  of  the 


comet  lay  not  far  from  the  great  circle  passing  through 
the  first  and  third  places.  Moreover,  this  great  circle 
cut  the  ecliptic  within  about  1°  of  the  Earth's  middle 
place.  A  solution  by  varying  the  geocentric  distances, 
using  these  three  normal  places,  would,  therefore,  be 
verj'  uncertain.  Discarding  the  earliest  observations 
and  forming  normal  places  for  January  5.5,  16.0,  and 
29.0,  Hansen '.s  critical  angle  has  the  value  11°  27'. 
The  great  circle  through  these  first  and  third  places 
cuts  the  ecliptic  10°  47'  from  the  Earth's  second  place. 
The  difference  0-i  —  ,5o  is  1°  16'.  As,  however,  the 
observations  used  to  form  the  normal  place  for  January 
29.0  were  very  uncertain  and  the  value  of  the  critical 
angle  was  so  close  to  the  limit  of  uncertain  determina- 
tion from  three  places,  the  method  of  varying  the 
geocentric  distances  promised  no  satisfactory  results. 
It  was  decided,  therefore,  to  use  Mechain's  second 
system  of  elements  for  the  least-squares  solution,  re- 
peating the  solution,  if  advisable. 


Mechain  I 
1788,  November  20.41527  B.  M.  T. 


j3  =    31°  30'    7' 

0  =  351   42   15 

i  =    64   52  32 

log  q  =  9.885988 


1789.0 


Mechain  II 
November  20.33975  B.  M.  T. 

30°  25' 28") 
352  24  26   >  1789.0 

64  30  24 
9.879276 
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In  the  above  the  time  of  poriholion  passage  has  been 
cliangerl  from  Paris  mean  time  to  Berlin  mean  time 
and  10  substituted  for  it. 

Rectangular  heliocentric  equatorial  coiirdinates  (ele- 
ments Mkch.mx  IT) 


.T  =  [0.87f)1651sin(l  17''    S'  26".89  +  v)  sec=  M  v) 
y  =  |8.977332]sin(315    10   10  .81  -f  v)  sec-  }^  v\  17 
z  =  [9.S7S953]sin(  27   24  21   .84  +  v)  sec^  '<  v) 


89.0 


The  comet  1788  II  was  observed  at  Sloiisli,  near 
Windsor,  by  Hersciiel  {Astrotiomical  Ohscrrations 
Greenwich,  volume  III,  Equatoreal  Sector  fan  appcnidix], 
page  45);  at  Greenwich,  by  M.\skelyne  {loc.  cit.);  at 
Paris,  rObservatoire  de  la  Mariiie,  H6tel  de  Clugny, 
by  ^Iessier  {Mhnoires  de  Pan's,  1789,  page  683);  and 
at  Paris  I'Observatoire  Royale,  by  Mech.mn  (Ioc.  cit. 
and  Berliner  Jahrbuch  1793.  page  119). 

Whencv^er  pogsible,  the  observations  were  n^-reducod. 
The  times  were  corrected  for  aberration  (distance  unity 
498.5  seconds).  By  means  of  Bauschinger's  Tafeln 
the  parallax  factors  were  computed  (solar  parallax 
8".80).  For  a  few  of  the  observations  of  JNI.^skelyne 
and  Messier  refractions  were  computed.  In  other 
cases  the  effect  of  refraction  was  entirely  negligible. 

The  places  of  the  comjiarison  stars  for  1789.0  were 


carefully  determineil.  For  stars  not  found  in  the 
Neue  Fundamental  Kalalaf/,  in  .Vi'WEr's  Br.\di,ev,  or 
in  Boss's  Preliminary  deneral  Catalogue  the  various 
catalogue  positions  were  reduced,  with  proper-motions, 
and  combin(>d  in  the  usual  manner. 

For  the  ob.-servations  of  Herschel,  Maskelyne, 
and  Messier  the  givcMi  differences,  comet  minus  star, 
were  applied  to  the  newly  dtnluced  star  places.  In  the 
case  of  Meciiain's  observations,  the  apparent  right 
ascensions  and  declinations  of  the  comet  being  given 
with  no  further  details,  corrections  were  apjilied  for 
parallax  only. 

The  difficulty  of  always  fixing  upon  the  same  point 
for  observations  in  the  case  of  a  comet  without  well- 
defined  nucleus,  its  situation  near  the  horizon,  and  the 
uncertainty  due  to  the  faintness  of  the  comet  during 
the  latter  part  of  its  visibility,  made  large  errors  of 
observation  inevitable.  A  comparison  of  the  observa- 
tions with  positions  computed  from  the  elements 
Mechain  II  showed  this  to  be  the  case.  Curves 
plotted  with  Aa  cos  6  and  AS  as  ordinates  and  the  times 
as  abscissas  were  similaa-  although  single  observations 
showed  great  divergence.  The  small  number  of  ob- 
servations by  any  single  observer  combined  with  the 
general  inaccuracy  of  the  observations  themselves 
precluded  the  possibility  of  determining  weights  for  the 
different  series. 


TABLE    II 


No. 

Berlin  Mean  Time 

Place 

Aa  cos  d 
(O-C) 

Pz 

AS 
(O-C) 

Pi 

Aa  CO.S  S  II 
(0  -  C) 

A5  II 
fO-C) 

1 

1788  Dec.  22.2732 

Slough 

-  o'.oo 

0.5 

+   42.8 

0.5 

- 1.63 

+32.2 

2 

23.2517 

Slough 

+  2.75 

0.5 

-   44.6 

0.5 

+  1.42 

-56.8 

3 

26.3055 

Greenwich 

+  2.50 

1 

+    16.9 

1 

+  1.84 

+   3.7 

4 

28.2598 

Greenwich 

-0.44 

1 

+   37.0 

1 

-0.67 

+  24.2 

5 

1789  Jan.     2.2925 

Greenwich 

+  3.74 

0.5 

+  108.7 

0.5 

+  4.51 

+  98.9 

6 

4.7017 

Paris  (Messier) 

-2.02 

1 

+    19.5 

1 

-0.75 

+  12.7 

7 

6.7455 

Paris  (Messier) 

-1.67 

1 

-    18.3 

1 

-0.02 

-22.3 

8 

7.8068 

Greenwich 

-2.18 

1 

+    14.1 

1 

-0.32 

+  10.6 

9 

14.3729 

Greenwich 

-3.99 

1 

-106.9 

1 

-1.03 

-96.0 

10 

15.3189 

Greenwich 

-4.96^ 

1 

+  24.3; 

-1.83^ 

+  38.1 

11 

15.3332 

Paris  (Mechain) 

-4.17i 

+  36.5  i 

-1.04^ 

+49.1 

12 

18.3606 

Paris  (Mechain) 

-0.43 

1 

-    18.3 

1 

+  3.02 

+    1.6 

13 

20.3759 

Greenwich 

-6.22 

0.5 

-125.4 

0.5 

-2.31 

-99.8 

14 

23.4130 

Greenwich 

-   54.0 

1 

-21.0 

15 

23.4135 

Greenwich 

+4.39 

0 

+  8.72 

16 

25.3178 

Greenwich 

-2.69 

1 

+  1.84 

17 

25.327(i 

'  Gr(>enwich 

+   11.0 

1 

+  50.5 

18 

Feb.     3.7640 

Gr(>enwich 

-4.27 

0.5 

-110.0 

0.5 

+  1.07 

-37.8 

19 

4.7494 

Greenwich 

-4.13 

1 

0.5 

+     7.3 

0.5 

+  1.21 

+  88.0 
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The  obsprvations  were  grouped  into  five  normal 
places  a.s  indicated  by  the  horizontal  lines  in  the  pre- 
ceding table  which  contains  Aa  cos  5  and  A8  with  the 
weights  assigned  to  each.  The  values  Aa  cos  8  II  and 
A5  II  will  be  explained  later.  In  general,  equal  weights 
were  assigned  to  the  daily  means  of  each  observer  re- 
gardless of  the  number  of  observations  combined  in 
forming  each  mean.  According  to  Maskelyne's  note 
the  right  ascension  on   January  23   was  so  erroneous 


that  it  was  given  weight  zero  and  to  a  few  other  values 
one  half  weight  was  a.ssigned  for  similar  reasons.  The 
Greenwich  and  Paris  observations  on  January  15  were 
somewhat  arl)itrarily  combined  and  given  unit  weight. 
Ephemeris  places  for  the  normal  dates  were  next 
computed  with  seven-place  logarithms.  Their  values, 
with  those  of  the  weighted  means  deduced  from  the 
preceding,  and  the  resulting  normal  places  are  given 
below. 


TABLE    III 


No. 

Berlin  M.  Time 

Ephemeris  Place 

0-C 

Normal  Place 

1788-9 

a 

5 

Aa 

Aa  cos  S 

AS 

a 

5 

I 

Dec.  26.0 

278   17  28.2 

-1-35  52     5.8 

-t-   21.0 

-f-17.0 

-\-U.2 

278   17  49.2 

-1-35  52  20.0 

II 

Jan.     6.0 

276  37  34.0 

43  48  21.9 

-    24.4 

-17.6 

-M9.9 

276  37     9.6 

43  48  41.8 

III 

Jan.   16.0 

274  34  26.8 

51     9  40.3 

-    71.6 

-44.9 

-31.6 

274  33  15.2 

51     9   14.7 

IV 

Jan.  23.5 

272  14  38.2 

56  55   16.9 

-100.1 

-57.9 

-42.3 

272   12  52.1 

56  54  34.6 

V 

Feb.     4.0 

265  31   24.5 

66     2   18.2 

-1.55.1 

-62.9 

-51.3 

265  28  49.4 

66     1   26.9 

TABLE    IV 


No. 

Berlin  M.  Time 

Perturbation 

0  -  C  Corrected  for  Perturbations 

^P 

1788-9 

Aa 

Aa  cos  5 

A5 

Aa                  Aa  cos  5                A5 

a         S 

I 

Dec.  26.0 

-0.2 

-0.2 

-0.4 

+   20.8 

-hl6.8 

-1-13.9 

3         3 

II 

Jan.      6.0 

-    .3 

-    .2 

-    .7 

-    24.7 

-17.8 

-f  19.2 

3.5     3.5 

III 

Jan.    16.0 

-    .3 

-    .2 

-    .9 

-   71.9 

-45.1 

-32.5 

1.5      1.5 

IV 

Jan.   23.5 

-    .3 

-    .2 

-1.0 

-106.4 

-.^8.1 

-43.3 

1.5     2.5 

V 

Feb.     4.0 

-    .3 

-    .1 

-1.2 

-155.4 

-63.0 

-52.5 

1         1 

TABLE   V 

Right 

Ascension 

9.968 18»rf.S 

4- 9. 33627  » 

(IP  -f- 9.07891 

1Q  -1-3.57461  dT  -f  0.1 24 11^^ 
sin  1 

.  -f9.17519/i;j- 

de 

sin  1' 

0.00159m 

9.36552/) 

8.86864 

3.56000 

0.14981 

9.22953W 

1.25042// 

0.02872n 

9.34802/1 

8.57710 

3.54415 

0.16.558 

9.28110// 

1.6.5418// 

0.04424/1 

9.28108?/ 

8.18825 

3.53118 

0.17310 

9.32610// 

1.95370//(1.76418n) 

0.0578  Iw 

8.73366n 

7.21926// 

3.. 507 16 

0.17526 

9.40477// 

1.75664n(1.79934n) 

Declination 

9.22106 

9.64700// 

9.38970 

3.42139// 

9.12560 

9.58739 

0.91381    (1.14.301) 

8.53297 

9.80780// 

9.31092 

3.30057// 

9.20165 

9.67402 

1.28330 

8.78603n 

9.91995// 

9.14903 

3.18235// 

9.26700 

9.72179 

1.51 188n 

9.09026« 

9.98870/; 

8.89587 

3.07100// 

9.320.55 

9.73320 

1.63649n 

9.37622« 

0.06909// 

8.55469// 

2.739()4/( 

9.47529 

9.68966 

1.72016/1 
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The  perturbations,  though  slight,  wciC  computed. 
In  comparison  with  tiie  inaceuracies  of  ohscrvation 
they  are  entirely  negligihlc,  but,  as  they  wore  included 
in  the  solution,  their  values  arc^  given  in  Table  IV 
with  the  corrected  residuals  and  the  weights. 

In  computing  differential  coefficients  for  (he  ecjua- 
tions  of  condition  S(1I(")NFEI.d's  formula'  were  employed 
ill  the  modified  form  given  by  Bauschinger  (page 
4t)0).  The  computations,  which  were  made  in  dupli- 
cate, were  further  checked  by  computing  geocentric 
places  from  the  elements  affected  by  increments  of 
100"  each.  Tlu>  r(>lations  of  dP,  dQ,  and  r/.S  to  the 
corrections  of  /,  ns,  and  il  are  defined  by  the  equations 
(Bauschinoer,  page  435):  — 

dP  =  sin  i  sin  as  d  Q  +  cos  in  di 
dQ  =  sin  i  cos  nr  d  0  —  sin  si  di 
dS  =  cos  i  d  U  +  dm 

The  unweighted  equations  of  condition,  for  which 
the  unit  is  the  second  of  arc,  the  coefficients  and  the 


absolute  terms  being  expressed  logarithmically,  arc 
given  below.  .\s  discovered  Inter,  erroneous  v;ilues 
were  used  for  ii  in  the  first,  fourth  fifth,  and  sixth 
equations.  The  values  are  given  us  used  with  the  cor- 
rect values  in  parentheses.  As  it  was  later  deemed 
best  ti)  ni;ike  a  second  solution,  these  eiToi's  have  no 
effect  u[)oii  the  final  results  and,  for  I  hat  re;\son,  were 
alllowed  to  stand  without  correction. 

The  equations  in  Table  V  were  then  multiplied  iiy 
the  square  roots  of  the  weights  assigned  above,  and 
rendered  homogeneous  by  the  introduction  of  the 
quantities. 


X  =  10.27302]  r/,S^ 
y  =  10.187071  dP 

z   =  [9.62826]  dQ 


t.    =  [3.83203]  dT 

u  =  [0.42184]  -^ 


V   =  [9.94605] 


I  =  [2.01480]  n 
"he  resulting  ('([uatioiis  of  condition  are: 


sin  1" 
de 
2  sin  1" 


TABLE    VI 

9.92682/)  X  +  9.38716n  y  -1-9.68921  z  +  9.98114  /  +  9.94083  u  +  9.46770/;  p  =  9.26122 

O.OOOOOh            9.44988W            9.51241            0.00000           (I.OOOOO  9..5.5551//  •9.48065/; 

9.84314/1            9.24839/!            9.03688           9.8001(;           9.S3178  9.42309//  9.7()()42/( 

9.85866//            9.18145/?            8.64803           9.78719           9.83930  9.46809//  l).()()()()0/7 

9.78419//            8.54599//            7.59100//         9.67513           9.7.5342  9.4.5872//  9.714S4// 


9.18600 

9.()9795// 

0.00000 

9.82792// 

8.94232 

f).S7990 

8..53138 

9.89216// 

9.9.5469 

9.74057// 

9.05184 

0.00000 

8.60045// 

9.82032?/ 

9.60881 

9.43830?? 

8.93326 

9.86378 

9.01561// 

O.OOOOO// 

9.46658 

9.43794/7 

9.09768 

9.98612 

9.10260/j 

9.88142// 

8.92(i43// 

8.90701// 

9.05345 

9.74361 

these  were 

obtained  tlie 

following:  — 

9.11057 
9.51353 
9..5.5812/?^ 
i).79366?/ 

9.6783(3/? 


NoKMAL  IOquations   (cocfricients  natural  numbers) 


I 

II 

-1-3.1443  3: 

4-0.8()56  // 

-  0.6958  z 

-3.0515  1 

-3.0()75  // 

+  1.129S  /■ 

=    -t- 1.7055 

-1.2684 

-1-0.8056 

-1-3.0684 

-1.9356 

-t- 0.5452 

-1.1394 

-2.7574 

-M.2()47 

-0.8734 

-0.6958 

-1.9356 

-1-2.4280 

-0.4658 

-f  1.10.53 

-f-l.S918 

-t- 0.0280 

4-1.0157 

-3.0515 

+  0..5452 

-0.4658 

-1-3.8268 

4-2.7672 

-2.6947 

-1.2604 

4-0.7361 

-3.0675 

-1.1 394 

-M.  10.53 

4-2.7672 

-1-3.0769 

-0.73.57 

-1..5831 

4-1.4100 

-1-1.1298 

-2.7.574 

-1-1.8918 

-2.()947 

-0.7357 

-f  3.8090 

-0.0757 

4-0.1668 

Kli.mination   Equations  ( 

coefficients  n 

alui-al  nuin 

.ers) 

3.1443  .r 

-1-0.8650  // 

-0.6958  2 

-3.0515/ 

-3.0()75  // 

-M.1298  /■ 

=    -h  1.70.55 

-1.2684 

2.8301 

-1.7441 

4-1.3853 

-0.294S 

-3.0684 

-f- 0.7353 

-0.5242 

1.1992 

-  0.2874 

-t- 0.2448 

-1-0.2.508 

-f- 0.8586 

4-0.4120 

0.1184 

-0.0067 

-  0.03()2 

-h0.2407 

-0.1396 

0.0033 

-  0.0063 
0.0006 

-0.0044 
-0.0058 

4-0.0260 
-0.0251 

N"-  802 


THE    ASTRONOMICAL     JOURNAL 


As  the  coefficients  of  both   u  and   ;'  are  small,   the      v,  afterwards  in  terms  of  v  alone  and  a  solution  effected 
other  four  unknowns  were  expressed  in  terms  of  u  and  '    by  the  method  of  Opfolzee  CS'olume  II,  page  362). 

.r  =  +2.7799  +0.9996w  -0.3269r  =   +1.3648    +l.o993v 

y  =  +0.0062  -0.0410!/  +0.85081'  =   +0.0642    -0.7719)' 

z  =  +1.2032  -0.1906?(  -0.1359y  =   +1.4730    -0.5031y 

t    =  +2.0329  +0.05687(  +0.30o7i'  =   +1.9529   +0.4148;' 

It  =  -1.4158   +1.9269i' 


were  the  values  used  in  substituting  and  the  i-esults 
obtained  were  as  follows:  — 


dS 

=   -1206". 7 

Ou[3. 65144] 

flP 

=   -    752   .4 

Q22[2.99S811 

rlQ 

=  +2170   .5 

Q3,3l2.63162] 

(IT 

=   -0''.060603 

Q„[2.469521 

dq 

=   -0  .005629 

Q:,a3. 30465] 

dc 

=   -0  .016587 

(J66[3.221S5] 

d9. 

=  +1651".3 

dm 

=   -1917   .3 

di 

=   -1748   .0 

Qii,  Qii  etc.  are  the  reciprocals  of  the  weights  of  ,t,  y,  z, 
I,  u,  and  V  respectively. 

By  this  solution  the  sum  of  the  squares  of  the  resid- 
uals was  reduced  from  30464  to  2539  but  the  values 
found  for  the  corrections  are  so  large  that  it  is  evident 
the  neglected  terms  of  the  second  order  would  be 
appreciable  and,  therefore,  the  resulting  elements 
would  not  represent  the  observations. 

The  orbit  was,  therefore,  assumed  to  be  a  parabola 
and,  de  being  placed  equal  to  zero,  the  resulting  values 
of  the  other  corrections  are  as  follows:  — 


fIS  =  +80".02 

dP  =  +   4"..58 

(IQ  =  +38".17 

(IT  =  +0''.  03 1655 

dq    =  -0  .0002861 


dU  =  +367".23 

dm  =   -    78   .04 

di  =   -189   .35 

pvi'  =      3347" 


As  the  values  of  O  —  C  used  in  the  solution  were 
large  it  seemed  best  before  proceeding  to  discuss  re- 
sults to  repeat  the  solution  with  new  values  for  n. 
The  last  mentioned  corrections  were,  therefore,  applied 
to  the  elements  Mech.^^ix  II  and  a  new  system  of 
elements  found  as  follows:  — 

T  =  November  20.37140 
m  =     30°  24'  10".0J 
Q  =  352   30  33   .2      1789.0 
J  =     64   27    14   .71 
log  q  =  9.879111 

All  the  observations  were  then  compared  with  the 


positions  of  the  comet  derived  from  these  new  elements. 
The  resulting  values  are  given  as  Ao  cos  5  11  and  A5  IT 
in  Table  II.     The  new  values  of  /  and  n  are:  — 


log  ))  (unweighted)     log  n  (weighted) 


0.72428 

0.96284 

9.53245 

0.69020 

0.96223 

■  9.53184 

0.44716 

0.53520 

9.10481 

0.83885 

0.92689 

9.49650 

1.23045 

1.23045 

9.80006 

0.71600 

0.95456 

9.52417 

1.15836 

1.43039 

0.00000 

1.22789n 

1.31593!! 

9.88554n 

0.90849n 

1.10746?! 

9.67707?? 

1.35411 

1.3.5411 

9.92372 

[1.43039]/! 

As  previously  noted,  this  substitution  of  new  values 
made  it  unnecessary  to  correct  the  errors  in  the  origi- 
nal values  of  ??, 

With  the  above  results  new  values  were  computed 
for  the  second  members  of  the  normal  and  elimination 
equations.  They  are  given  below,  also  as  II  in  the 
preceding  equations. 

Normal  Equations  Elimination  Equations 


-1.2684 
-0.8734 
+  1.0157 
+  0.7361 
+  1.4100 
+0.1668 


-1.2684 
-0.5242 
+  0.4120 
-0.1396 
+0.0260 
-0.0251 


Solving  in  u  and  v  and  later  in  v  bj-  substituting  the 
following  values:  — 

X  =   -1.6524  +0.999G!?    -0.3269y 

=   +6.4351  +1.5f)76!' 

>j  =  +0.4295  -0.0410!?    +0.8508y 

=   +0.0980  +0.7719!' 

z  =  +0.0610  -0.1906!?    -0.1359?' 

=    -1.4809  -0.5028!' 

/.    =   -1.1791  +0.0566??   +0.3057y 

=    -0.7212  +0.4147?' 

u  =  +8.0910  +1.9253t' 
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there  were  found 

(IS  =  +92".33   +22.92r 

(IP  =  +   1   .71    +  13.50c 

(IQ  =  -93  .90   -31.88i' 

(IT  =  -0''.002S60      +0.001045;^ 

(Iq    =  +0  .0004000   -f  0.000095191' 

(le    = 

By  this  solution  the  sum  of  the  squares  of  the  residuals 
was  reduced  from  2450  to  546;  but,. as  the  coefficient 
of  V  in  the  last  elimination  equation  was  small  and  the 
values  of  the  unknowns  large,  the  latter  are  readily 
seen  to  be  untrustworthy.  As  in  the  first  solution  the 
resulting  elements  would  not  represent  the  observa- 
tions. 

The  assumption  of  parabolic  motion  was  made,  v 
lieing  placed  equal  to  zero  in  the  values  of  the  other 
unknowns  with  the  following-  results:  — 


-1309". 4 

(19. 

=  +1311' 

.73 

-   823   .7 

(Iss 

=   -1875 

.06 

+  1855  .5 

di 

=    -1649 

.49 

-0''.  103430 

pi'P 

=  546" 

-0  .0054215 

-0  .0180860 

(IS  =  +92".33 

(IP  =  +    1    .71 

(IQ  =  -93   .90 

flT  =  -0''.002860 

dq  =  +0  .0004000 


(lii 

d.T. 
di 

pfV 

ll.h 


-   88".80 
+  130   .62 
+   48   .90 
1634".3 
1632 


This  i)aral)ola  reduci'd  the  sum  of  the  squares  of  the 
residuals  from  2450  to  1634,  a  result  which,  in  consider- 
ation of  the  obvious  inaccuracy  of  the  observations 
(especially  in  declination)  might  be  deemed  fairly  sat- 
isfactory. The  probable  error  of  one  normal  place  is 
±13". 6.  The  value  of  U.  5  agrees  with  that  found  for 
pvv  w'ithin  the  limits  of  accuracy  of  the  computations 
and  thus  furnishes  a  check  for  the  work. 

As  it  was  impossible  to  derive  the  true  value  of  de 
from  the  least-squares  solution,  various  values  were 
arbitrarily'  assigned  to  this  unknown  and,  with  the 
resulting  values  of  dT  etc.,  were  substituted  in  the 
weighted  equations  of  condition,  and  the  sum  of  the 
squares  of  the  resulting  residuals  are:  — 


TABLE    VH 


.Solution 

Ih 

Parabola 

Id 

lid 

Hid 

B 

1000  de 

+ 1 .8086 

0 

-1.8086 

-3.6172 

-7.2344 

-18.0864 

\  Ao  cos  5 

131.2 

140.2 

152.5 

165.1 

194.0 

311.1 

-'"•''Us 

1730.8 

1494.1 

1271.7 

1071.2 

732.8 

234.9 

Sum 

1862.0 

1634.3 

1424.2 

1236.3 

926.8 

.546.0 

It  will  be  noticed  that  the  reduction  made  by  de  is  in 
the  residuals  of  the  declinations;  and  that  the  residuals 
in  right  ascension  for  the  ellipse  B  (which,  as  noted 
above,  does  not  at  all  represent  the  observations  en 
account  of  neglected  second  order  terms)  are  greatly 
increased. 

Since  the  values  of  the  unknowns  in  tlie  first  tv.  o 
assumptions  of  elliptical  motion  {Id  and  lid)  weie 
sufficiently  small  to  warrant  the  expectation  that  the 
residuals  found  liy  substitution  would  agree  closeb 
with  the  corresponding  fesiduals  computed  from  the 
new  systems  of  elements,  those  systems  were  found, 
the  position  of  the  comet  for  the  normal  dates  con  - 
puted  from  them  and  compared  with  the  observed 
places  for  the  same  dates.  Although  the  values  of 
the  unknowns  in  the  third  assumption  were  too  large 
to  satisfy  the  equations  of  condition  the  same  compu- 


tations were  made  for  this  assumption.  As  was 
expected  the  residuals  showed  no  agreement.  In  the 
assumed  hyperbola  the  agreement  was  quite  within 
the  limits  of  error  of  the  computations.  The  accom- 
panying Table  VIII  shows  a  comparison  of  the  results 
obtained  from  the  various  sj'stems  of  elements. 

A  review  of  the  results  obtained  by  the  various  solu- 
tions would  seem  to  show  that,  owing  to  the  inaccuracy 
of  the  existing  ob.servations  of  the  comet  1788  II  and 
the  short  period  of  visibility,  during  which  the  relative 
positions  of  the  Earth  and  comet  were  unfavorable  for 
an  accurate  determination  of  the  orbit,  it  is  impossible 
to  determine  the  elements  with  any  degree  of  cei- 
tainty.  The  various  systems  deduced  are  shown  in 
Table  IX.  The  ellipse  Hid,  period  1066  years,  which 
does  not  represent  the  observations,  may  be  entirely 
neglected.     The  parabolic  orbit  or  a  slightly  elliptical 
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TABLE    VIII 

Differences  (O  —  C) 


Normal 
Place 

Aa  cos  8 

From                 From 
Elements  Ih        Equations 

A5 

From                   From 

Elements  Ih        Equations 

Aa  cos  & 

From                  From 

Elements  par.      Equations 

A5 

From                    From 
Elements  par.         Equations 

I 

+    2.3 

+  2.5 

-   5.6 

-   5.4 

+    2.0 

+  2.4 

-   5.4 

-   4.9 

II 

-    1.5 

-1.4 

+  12.9 

+  13.8 

-    1.6 

-1.2 

+  12.5 

+  12.7 

III 

-    5.6 

-5.4 

-17.8 

-16.7 

—    5.7 

-5.4 

-17.1 

-16.2 

IV 

-    2.6 

-1.9 

-   8.4 

-   9.3 

-   3.0 

-2.3 

-    8.6 

-   8.3 

V 

+  6.0 

+  7.6 

+  18.1 

+  18.5 

+  7.7 

+  8.1 

+  16.3 

+  17.0 

From 
Elements  Id 

From 
Equations 

From 
Elements   Id 

From 
Equations 

From 
Elements  lid 

From 
Equations 

From 
Elements  lid 

From 
Equations 

I 

+  2.1 

+  2.4 

-   5.6 

-■4  + 

+    3.4 

+  2^4 

-  4.3 

-   3.9 

11 

-    1.5 

-1.0 

+  11.7 

+  11.7 

+   0.4 

-0.9 

+  11.0 

+  10.6 

III 

-    6.5 

-5.6 

- 16.5 

-15.7 

-    5.2 

-5.8 

-15.3 

-15.2 

IV 

-   3.8 

-2.8 

-   6.4 

-    7.1 

-   3.2 

-3.2 

-   4.0 

-    6.0 

V 

+  7.5 

+  8.5 

+  15.8 

+  15.5 

+  10.4 

+  9.0 

+  14.6 

+  14.0 

From 
Elements  II Id 

From 
Equations 

From 
Elements  Hid 

From 
Equations 

I 

+    5.5 

+  2.3 

-    1.3 

-    2.9 

II 

+   2.5 

-0.6 

+  12.5 

+  8.5 

III 

-    1.6 

-6.0 

-12.0 

-14.2 

IV 

+  0.1 

-4.1 

+   0.3 

-   3.7 

V 

+  13.4 

+  9.9 

+  14.7 

+  11.0 

TABLE   IX 


Elements  Ih 

Parabola 

Elements  Id 

Elements  lid 

Elements  ///(/ 

T 

1788,Nov. 20.37860 

1788,Nov. 20.36854 

1788,Nov.20.35848 

1788,Nov. 20.34843 

1788,Nov. 20.32831 

,- 

30  29  41.2 

30  26  20.6 

30  23     0.1 

30  19  39.5 

30  12  58.4 

1789.0  ^n 

352  26  44.4 

352  29     4.4 

3.52  31  24.4 

352  33  44.5 

352  38  24.6 

i 

64  30  53.5 

64  28     3.6 

64  25  13.8 

64  22  24.0 

64  16  44.3 

log  q 

9.879674 

9.879341 

9.879007 

9.878673 

9.878004 

log  e 

0.000785 

0.998191 

0.996383 

0.992766 

Period 

8561  years 

3023  years 

1066  years 

Id,  requiring  about  8500  years  for  one  revolution  would 
satisfy  the  observations,  equally  "well.  The  hyperbola 
Ih  gives  results  nearly  as  satisfactory,  while  the  more 
•elliptical    orbit   lid,   requiring   about    3000  years  for 


a  revolution,  does  no  serious  violence  to  the  observa- 
tions. 

Ya'e  University  Obaervalory. 
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OBSERVATIONS  OF  THE   SATELLITES  OF    URANUS,    1921, 

WITH  THE  2(5-^01  REFHACTOR  OP  THE  U.  S.  N.WAL  OBSERVATORY, 

Hy  ASAPH  HALL, 
[Communicated  by  Captain  W.  D.  MacDougall,  U.  S.  Navj-,  Superintendent  of  U.  S.  Naval  Observatory.] 


Date             ; 

G.  ^L 

T. 

/' 

G.  ^L  T. 

s 

Comp. 

Seeing 

Power 

Remarks 

Uranu. 

-Ariel 

1921  Aug.  29 

16  12 

24 

164.80  1 

16'47"29' 

13.86 

2,4 

R 

495 

Ariel  ft.      Int('rrui)t(>d   by  cloud.? 
and    haze.     Foggy.     Clouded. 

I'l-amis- 

Titan  ia 

1921  Aug.  25 

16  41 

32 

157.66 

16  40  44 

22.38 

4  ,4 

f 

495 

26 

17  57 

8 

105.45 

17  55  50 

31.68 

4  ,4 

g 

495 

27 

16  12 

5 

172.76 

16  11  56 

25.79 

4,4 

i--g 

495 

Haze. 

30 

16     8 

28 

341.81 

16     2  18 

29.83 

4,4 

p-f 

495 

Haze.             |l)y  hazf.     C'loutled. 

Sept.    7 

16  17 

17 

335.90 

16  14  48 

20.99 

4,4 

g 

495 

Very  faint    at    tinu-s.     Delayed 

Oct.    14 

14  25 

6 

353.51 

14  25  37 

25.03 

5  ,  5 

g 

495 

Very  faint.     Moonlight.     Haze. 

17 

13  35 

40 

162.90 

13  31  50 

29.68 

5  ,  5 

g 

495 

Very  faint.      Moonlight.     Haze. 

18 

13  40 

10 

171.49 

13  39     0 

29.00 

4,4 

f 

495 

^'ery  faint.     Aloonlight.     Haze. 

21 

13  25 

38 

338.40 

13  26  35 

25.65 

4,4 

f 

495 

[Clouded. 

26 

12  50 

32 

165.07 

12  52     6 

30.66 

4,4 

g 

495 

Faint.      Haze. 

Nov.  25 

13     1 

33 

340.46 

13     1     0 

27.01 

Uranu 

4,4 

s-Ober( 

f-g 

495 

Haze. 

1921  Aug.  24 

16  15 

52 

347.95 

16  15     8 

41.17 

4  ,4 

g 

495 

Haze. 

25 

17  38 

19 

353.43 

17  38  42 

31.75 

4  ,4 

p-f 

495 

26 

16  34 

49 

5.12 

16  27     2 

17.02 

5,4 

f-g 

495 

^'ery  faint. 

Sept.    8 

15  55 

35 

358.20 

15  57  40 

25.51 

4,  4 

g 

495 

Clouded.                          [and  haze. 

19 

16  49 

59 

344.31 

16  40     0 

41.29 

4  ,4 

g 

495 

Faint.      Interrupted   by  clouds 

Oct.      1 

13  47 

42 

333.21 

13  45  33 

25.94 

4,4 

f-g 

495 

Faint. 

2 

14     7 

48 

340.97 

13  59  15 

37.60 

4,  4 

g 

495 

Faint.      Delayed    by  chnids  and 

24 

12  45 

7 

170.48 

12  47  18 

39.33 

4  ,4 

g 

495 

Faint.  Haze.                           [haze. 

28 

13  38 

16 

333.18 

13  37  35 

26.07 

4  ,  4 

g 

495 

Faint.  Haze. 

Nov.  25 

14  13 

42 

340.89 

14     4  47 

37.71 

4,  4 

f 

495 

Delayed  by  clouds.      Foggy. 

U.  S.  Naval  Observatory,  Wasldngton,  D.  C. 
1931,  Mar.  21. 
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PARALLAXES   OF   FORTY-SIX   STARS, 


DETERMINED  BY  PHOTOGRAPHY  WITH 

By  HAROLD 

The  present  list  of  parallaxes  is  a  continuation  of 
those  published  in  A.  J.  Nos.  778  and  796.  It  is 
given  in  the  same  form  as  the  preceding  lists  with  the 
addition  of  a  column  to  facilitate  reference  to  the 
remarks  following  the  table.  An  asterisk  following  the 
catalog  proper-motion  indicates  that  the  value  has 
been  taken  from  Porter.  The  other  columns  are  self- 
explanatory.  Full  details  of  the  measures  will  appear 
in  a  future  volume  of  the  Publications  of  the  Leander 
McCormick  Observatory. 

(.:  Draconis  (R.  A.  12'>  29.2-"  Decl.  -1-70°  20')  shows 
a  large  difference  in  proper-motion  from  the  value 
given  by  Boss.     No  stars  other  than  the  three  used 


THE    26-lNCH    MCCORMICK    REFR.4CTOR, 

L.  ALDEN. 

as  comparison  stars  were  to  be  found  on  the  plate 
suitable  for  testing  for  proper-motion  of  one  or  more 
of  the  comparison  stars.  The  star  B.  D.  1°  4637 
(R.  A.  22^33.9'"  Decl.  +2°  0')  failed  to  show  appre- 
ciable proper-motion  as  indicated  by  the  value  assigned 
to  it  by  Porter  in  A.  J.  No.  268.  A  letter  from 
Prof.  Porter  states  that  later  observations  with  the 
meridian  circle  have  failed  to  confirm  this  motion  and 
that  the  star  is  still  under  investigation. 

The  three  Cepheids  in  the  present  list,  f  Geminorum. 
U  Viilpeculw,  and  S  Sagittw  give  a  mean  trigonometric 
parallax  of  H-0".0017.  The  mean  relative  parallax  ob- 
tained spectroscopically  for  thesame  stars  is  -f  0".0023. 


1900 
R.  A.         Decl. 


Mag.  and 
S  pectrum 


Relative  Parallax 
Spect. 
McCormick  -0"005 


Proper-motion 
Observed         Boss 


296 

297 
298 
299 
300 

301 
302 
303 
30! 
305 

306 
307 
308 
309 
310 

311 
312 
313 
314 
315 


S  3062  Br 

Lai.  999    

Groom.  145 .  .  .  . 
A.  G.  Hels.  914 
W.  B.  1'-  161  .  . 


Lai.  2966  .  .  .  . 
7'  Andromedce 
7'  Andromedce 
r  305  Ft 


0    1.0 
0  34.0 

0  43.2 

1  0.3 
1  13.5 

1  34.1 
1  57.8 

1  57.8 

2  41.8 


S  305  /?r 2  41 


95  Ceti 

tt'"  Orionis 

A .  G.  Berlin  1866 

Lai.  13576   

f  Geminorum    . .  . 

0  Canis  Minor  is   . 
69  Geminorum  .  .  . 

30  Hydrce 

Bradley  1433   . .  . . 
S  Leonis   


3  13.3 

4  49.0 

5  57.3 

6  57.2 

6  58.2 

7  21.7 

7  29.8 

8  20.7 

10  16.2 

11  8.8 


0   ; 

-1-57  53 

-h  2  34 

-1-69  54 

+63  24 

-  1  23 

-h66  25 

-^41  51 

+41  51 

+  18  57 

+  18  57 

-  1  17 

+  2  17 

+  19  23 

+29  30 

+  20  43 

+  8  29 

+  27  7 

-  3  35 

+41  44 

+  21  4 

6.1  G5 
7.4  GO 

8.0  KO 
8.7  K7 

8.1  KO 

7.6  05 
2.3  KO 
5.1  AO 
7.9 
7.0  GO 

5.6  G5 
3.9  B3 
9.0  F9 
6.0  F8 
4.0  GOp 


0.266 

0.819 

0.415 

1.55 

0.489 

0.753 
0.070 
0.072 

0.176 


0.251 

0.004 

0.93 

0.838 

0.009 


3.1  B8  0.066 

4.2  K5  0.119 
4.0  AO  1  0.071 
5.9  F5  0.194 
2.6  A2  0.207 


+0.001  ±0.010 

+  .002  ±  .008 

+  .016  ±  .009 

+  .098  ±  .013 

+  .037  ±  .007 

+  .031  ±  .009 

+  .013  ±  .008 

+  .022  ±  .014 

+  .022  ±  .008 

+  .042  ±  .006 

+  .002  ±  .006 

-  .002  ±  .010 

+  .017  ±  .009 

+  .060  ±  .011 

+  .006  ±  .010 


+  .017 

+  .009 

+  .006 

+  .055 

+  .073 


.012 
.009 
.011 
.011 
.008 


+  0.043 
+0.037 
+0.039 
+0.082 
+  0.035 

+  0.041 
+  0.028 


+0.027 

+0.017 

+0.010 
+0.061 
-0.002 


+0.013 
+0.028 


+0.253 
+0.817 
+0.366 
+  1.523 
+0.449 

+0.697 
+0.034 
+  0.039 
+  0.077 
+0.065 

+  0.231 
+  0.008 
+  0.699 
+  0.126 
+  0.002 

-0.047 
-0.051 
-0.078 
-0.137 
+0.138 


+0.262 
+  0.764* 
+  0.362* 
+  1.518* 
+0.404* 

+0.710* 
+  0.047 
+  0.046 

+  0.094* 

+  0.247 
-0.003 
+0.680* 
+  0.158 
-0.004 

-0.0.50 
-0.027 
-0.066 
-0.122 
+0.148 


(93). 
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N°-  803 


No. 


U.  A. 


1900 


Decl. 


JMag.  and 
Spectrum 


Relative  Parallax 

Spect. 
McCormick  — 0".005 


Proper-motion 
Observed         Boss 


316 
317 
318 
319 
320 

321 
322 
323 
324 
325 

326 
327 
328 
329 
330 

331 
332 
333 
334 
335 

336 
337 
338 
339 
340 

341 


K  Draconis   

B.  D.  -22°  3557 
Lai.  26481  Br . .  . 
Boss  3816 

6  Serpent  is 

t  Draconis 

Lai.  29617 

0  Ophiuchi 

B.  D.  +26°  3151 
Nova  Aquilce  3 .  . 

U  VidpeculiE   .  .  . 

5  Sagiikc 

Lai.  38626 

17  SagiUce  C . .  . . 
17  SagiUce  A  . .  . . 

7  Equulei 

6  Equulei  

W.  B.  21"  594   . . 

,•>  Cijgni 

TT  Pegasi 

1  Lacerice 

53'  Aquarii 

53-  Aquarii 

B.  D.  1°  4637 . . . 
a  Pegasi 

Boss  5989 


12  29.2 

13  13.8 

14  25.8 

14  52.4 

15  16.0 

15  22.7 

16  10.1 

17  30.3 

17  58.4 

18  43.8 

19  32.3 

19  51.5 

20  3.6 
20  5.5 

20  5.5 

21  5.5 
21  5.7 
21  26.0 

21  30.2 

22  5.5 

22  11.6 
22  21.1 
22  21.1 
22  33.9 

22  59.8 

23  12.1 


+  70  20 
-22  30 
-15  11 
+  0  14 
+  1  4 

+  59  19 
-86 
+  12  3S 
+  26  20 
+  0  28 

+  20  7 
+  16  22 
+  52  52 
+20  36 
+20  37 

+  9  44 
+  9  38 
+45  27 
+45  9 
+32  41 

+37  15 
-17  15 
-17  15 
+  20 
+  14  40 

+  .52  40 


3.9  B5p 
9.4 

7.9  G5 
5.7  KO 
5.5  KO 

3.5  KO 

5.6  GO 
2.1  A5 
7.1  Kl 


7.0  GOp 
5.8  Glp 

5.7  F4 
7.3  Kl 

6.3  F2 

4.8  FO 
6.0  A2 

7.9  G8 
4.2  G5 

4.4  A9 

4.2  K3 
6.7  G 
6.4  Gl 
9.5 
2.6  A 

5.6  F8 


0.060 
0.366 
0.433 
0.069 
0.125 

0.010 
0.563 
0.263 
0.72 


0.031 
0.004 
0.334 
0.011 
0.111 

0.169 

0.018 

0.56 

0.099 

0.026 

0.020 
0.258 
0.225 

0.073 

0.270 


-0.007  ±0.008 

+  .029  ±   .015 

+   .0.34  ±    .011 

+   .017  ±    .012 

+   .017  ±    .011 

+  0.047  ±0.010 

+0.069  ±0.009 

+0.042  ±0.009 

+  0.070  ±0.011 

-0.015  ±0.008 

-0.004  ±0.009 

0.000  ±0.004 

+  0.043  ±0.010 

-0.005  ±0.011 

+  0.031  ±0.007 

+  0.039  ±0.010 
-0.012  ±0.009 
+  0.024  ±0.007 
+  0.014  ±0.013 
0.000  ±0.012 

-0.007  ±0.008 
+  0.027  ±0.015 
+  0.044  ±0.019 
-0.008  ±0.010 
+  0.012  ±0.011 

+  0.071   ±0.008 


+0.021 
+0.012 
+  0.013 

+  0.016 
+  0.061 

+0.055 


-0.003 
-0.003 
+  0.039 
+  0.00S 
+  0.017 

+  0.004 

+  0.030 
+  0.021 
+  0.010 

+  0.012 
+  0.035 
+  0.033 


+  0.041 


-0.008 
-0.369 
+  0.198 
+  0.077 
-0.072 

-0.011 
+0.236 
+  0.144 
+  0.362 
-0.008 

+  0.009 
+  0.021 
+0.217 
-0.003 
+  0.036 

+  0.034 
+  0.004 
+  0.398 
-0.039 
-0.024 

-0.001 
+0.284 
+  0.226 
+  0.018 
+  0.066 

+  0.110 


-0.060 

+  0.222* 
+  0.062 
-0.054 

-0.005 
+0.227 
+  0.117 
+  0.377  = 


+  0.003 
+  0.219 
-0.004 
+0.055 

+0.053 
-0.007 
+  0.431* 
-0.028 
-0.013 

+  0.020 
+  0.258 
+0.225 
+0.540* 
+0.058 

+  0.116 


(a)  Mean  spectroscopic  parallax  for  the  system  is 
given. 

(6)  Partly  measured  by  Miss  Fr.vxce. 

(c)  Spectroscopic  parallax  from  uiipubli.shed  man- 


uscript kindly  furnished  by  W.  S.  Adams. 

(d)  Partly  measured  by  Miss  Mott. 

(e)  See  A.  J.  No.  788. 

(/)      Partly  measured  by  I\Ixss  Darkow. 


OBSERVATIONS  OF   MINOR  PLANETS, 

MADE    AT   ANN    ARBOR   WITH   THE    12X-INCH    REFnACTOR    OF   THE   DETROIT   OBSERVATORY^ 

By  R.  A.  ROSSITER,  P.  A.  SMITH,  C.  G.  ROSS,  S.  K.  PROCTOR,  MISS  H.  M.  LOSH  axd  MISS  M.  E.  VOSBURG. 


1921 

G.  M.  T 

* 

No. 
Comp. 

Planet 

-* 

Aa 

Planef.s 
a 

Apparent 
d 

Log  pA 
for  a           for  S 

o. 

(9)  Metis 

Feb.   21 

16  16  16.7 

1 

10,    9 

-0  25.63 

+  9  28.7  1  8  45  40.95 
(19)   Foriuna 

+  27  16  35.3 

7.5833  1  0.3514 

R 

Oct.    28 

15  26  44.6 

2 

12,  13 

+  0    8.61 

-14  13.2      2    5  43.97 

+  12  34  12.7 

9.2990n    0.6512 

R 

Nov.     1 

15  36  32.1 

4 

11  ,  10 

+  0    8.36 

+   6  53.4      2    2  12.09 

+  12  10  43.1 

9.1668«    0.6492 

R 

N"-  803 
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G.  M.  T. 


No. 
Comp. 


Planet  —  ^ 
Aa  A8 


Planet's  Apparent 


Log  pA 
for  a  for  8 


(19)  Fortuna  {Continued) 


16  5  47.5 

4 

11  ,  11 

16  11  38.8 

3 

10,  10 

16  54  54.7 

3 

10,  10 

17  20  1.2 

3 

10,  9 

+  0  7.44 

-0  44.48 

-0  45.99 

-0  46.85 

+ 

6  49.0 

+ 

1  13.6 

+ 

1  6.6 

+ 

0  .56.6 

2 

2  11.17 

2 

1  19.25 

2 

1  17.75 

2 

1  16.88 

+  12  10  38.2 

8.9634n 

0.6446 

+  12  5  3.3 

8.8588n 

0.6440 

+  12  4  56.2 

7.6339n 

0.5430 

+  12  4  46.7 

8.7797 

0.6442 

(4)   Vesta 


Nov. 


Dec. 


16  47  29.9 

5 

8,  10 

16  20  33.2 

5 

10,  10 

17  17  20.2 

5 

7,  10 

18  5  38.8 

5 

11  ,  9 

15  49  36.7 

6 

10,  10 

17  13  16.1 

6 

10,  10 

+0 
+0 
+  0 
+  0 
+  0 


4.80 
5.58 
3.65 
1.36 
7.63 


-0  28.81 


- 

6  35.2 

- 

6  37.9 

- 

6  29.0 

- 

6  25.4 

+ 

8  54.0 

+ 

10  32.2 

3  16  55.67 
3  16  56.45 
3  16  54.52 
3  16  52.23 
2  44  26.15 
2  43  49.71 


3  36.3 

9.1372n 

0.6957 

3  33.5 

9.3298n 

0.6992 

3  42.5 

8.9118>i 

0.6925 

3  46.0 

8.0325 

0.6917 

1  56.8 

8.9184 

0.7007 

3  14.9 

9.4198 

0.7135 

(15)  Eunomia 


Dec.  29 
1922 

Jan.  9 
9 
9 
16 
16 
16 
16 
16 
23 
23 
25 
25 
26 


14  57  54.2 

17  15  56.4 
17  35  32.7 
17  59    3.2 

12  58  15.6 

13  21  45.4 

13  41  22.2 

14  23  41.2 
14  48  17.8 
14  2  39.2 
14  31  59.3 

13  20  24.5 

14  35  28.8 
14  20  35.4 


8 

10  ,  10 

9 

10.  10 

9 

10,  11 

9 

10,  11 

10 

10,  10 

10 

12,  12 

10 

11  ,  10 

10 

10,  10 

10 

11  ,  10 

12 

10,  11 

12 

10,  10 

13 

10.  10 

13 

13  ,  10 

13 

18  ,  11 

-0  2.78 

+  0  6.09 

+  0  5.08 

+  0  3.99 

-0  12.39 

-0  13.80 

-0  14.39 

-0  16.75 

-0  17.44 

-0  51.78 

-0  53.02 

+0  47.18 

+  0  47.65 

-0  6.70 

8 

7.1 

11 

7.4 

11 

11.3 

11 

12.8 

9 

53.1 

9 

58.9 

10 

0.7 

10 

7.2 

10 

9.2 

10  15.9 

10  21.9 

3 

27.7 

3 

37.3 

7 

35.5 

7  25  59.58 

7  13  9.99 

7  13  8.98 

7  13  7.89 

7  5  35.40 

7  5  33.99 

7  5  33.40 

7  5  31.04 

7  5  30.35 

6  58  32.91 

6  58  31.56 

6  56  46.02 

6  56  43.49 

6  55  52.14 

+  25    3  51.6 

+  24  28  46.4 
+  24  28  42.5 
+  24  28  41.0 
+24    4  16.9 

4 

4 

4 

4 


+  24 
+24 
+24 
+24 


11.1 
8.3 
2.8 
0.8 

+  23  37  4.8 
+23  36  58.8 
+23  29  20.9 
+  23  29  11.3 
+  23  32  37.3 


9.5828n 

0.5630 

8.5326n 

0.4257 

7.8352 

0.4246 

8.7478 

0.4276 

9.6149n 

0.6074 

9.5856n 

0.5813 

9.5560n 

0.5605 

9.4691n 

0.5169 

9.4053)1 

0.4955 

9.4557?! 

0.5081 

9.3492« 

0.4847 

9.51 17« 

0.5452 

9.2868?i. 

0.4814 

9.3325n 

0.4882 

Jan. 


6 

7 

7 

9 

9 

9 

9 

19 

21 

21 

21 


17  44  45.7 
14    1  31.7 

14  45  32.9 

15  39  28.9 

16  4  14.0 
16  18  23.9 
16  33  57.2 
15  43  23.9 
14  13  6.7 
14  37  33.7 
14  59    4.6 


14 

11  ,  12 

14 

10,  11 

14 

11  ,  12 

15 

10,  10 

15 

10,  10 

15 

10,  10 

15 

10,  10 

16 

9  ,  10 

17 

11  .  13 

17 

12,  10 

17 

11,12 

+  0  46.81 

-0  11.50 

-0  13.70 

-0  29.59 

-0  31.43 

-0  31.50 

-0  32.31 

-0  15.32 

+  0  17.12 

+0  16.32 

+0  15.58 

(78) 
+  7 
+  & 
+  5 
-  5 


—  o 
+  10 
-10 
-10 
-10 


Diane 

53.1 

34.5 

30.6 

20.7 

22.1 

23.6 

25.7 

21.1 

49.4 

55.3 

57.5 


57  0.01 

56  1.71 

55  59.51 

53  39.22 

53  37.39 

53  37.32 

53  36.51 

43  8.02 

41  23.16 

41  22.36 

41  21.62 

+35  14  11.6 
+35  11  53.0 
+35  11  49.1 
+  35  5  28.8 
+  35  5  27.4 
+  35  5  25.9 
+  35  5  22.8 
+34  22  16.2 
+  34  11  40.5 
+34  11  34.6 
+  34  11  32.4 


8.5929 

0.0246 

9.9558n 

0.5306 

9.5291n 

0.2813 

9.3266n 

0.1404 

9.1956/! 

0.0925 

9.0975n 

0.0703 

8.9530?! 

0.0509 

8.9579/? 

0.0916 

9.4215?! 

0.2310 

9.3307/! 

0.1993 

9.2248!! 

0.1457 

Jan. 


9  I   19  13  28.4 

9  I  21  23    8.7 

16  !   16  10  24.8 


19 

10 

10 

19 

U 

10 

20 

10 

11 

+0  23.54 
+  0  19.23 
+  0  40.23 


(64)  Angelina 

+  2    0.1 

+  2    3.7 

+  1  14.9 


7  11  43.10 

+  23.18  16.1 

9.3199 

0.4866 

R 

7  11  38.79 

+23  18  19.7 

9.5020 

9.8191 

S 

7  4  50.15 

+  23  24  48.1 

8.9638/! 

0.4568 

V 
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* 

.\ 

I'laiict 

-*                                     I'la,,,,,^ 

.\p|):irriil 

Log  vA 

fe 

1921 

G.  M.  T. 

Comp. 

Aa 

AS                       a 

5 

for  a             for  5 

O 

(64)  .4 

ngeliiia   {('o)itinued) 

Jan. 

16 

16  36  52.7 

20 

9 

10 

+  0  38.97 

+    1  17.4      7    4  48.89 

+  23  24  50.6 

8.6065n 

0.4507 

L 

16 

17  24  33.6 

20 

11 

12 

+  0  37.21 

+    1  18.1 

7    4  47.13 

+  23  24  51.2 

8.7656 

0.4522 

R 

26 

15    6  59.9 

13 

10 

10 

+  0    3.42 

-    2  40.6 

6  5()    2.26 

+  23  30    2.1 

9.0993n 

0.4615 

R 

(13)   Egerid 

Jan. 

21 

16  46  39.5 

21 

10 

10 

+  0    5.55 

-    5  51.S 

9  13  57.15 

+  44  52  31.6 

9.484 1/( 

9.2571 

r 

21 

17    5  36.5 

21 

10 

10 

+  0    4.33 

-    5  42.8 

9  13  55.94 

+  44  52  40.6 

9.4144?) 

7.6637 

R 

24 

14  10  11.4 

22 

10 

10 

-0  36.51 

-    3  13.9 

9  10  36.42 

+45  11  34.7 

9.7483n 

0.3447 

R 

24 

14  27  53.5 

22 

10 

10 

-0  37.42 

-    3    8.9 

9  10  35.51 

+45  11  39.6 

9.731  In 

0.2767 

)• 

25 

15    1  52.5 

23 

10 

10 

+  0     1.11 

+   5  46.7 

9    9  21.61 

+45  17  40.7 

9.6813?) 

0.0882 

R 

Feb. 

13 

14  13  21.4 

24 

10 

10 

+  0  17.46 

-13  54.1 

8  46  23.24 

+  45  59  27.1 

9.5921?) 

9.6335 

R 

13 

14  40  22.5 

24 

12 

11 

+  0  14.38 

-13  55.1 

8  46  20.16 

+  45  59  26.1 

9.5183?i 

9.0272 

S 

(11)   Parthcnojje 

Jan. 

26 

16  23  16.5 

26 

10 

11 

+  0  16.79 

-    3  48.3 

8  33  13.72 

+  18  54    0.1 

9.2026?) 

0.5552 

R 

27 

13  11    4.6 

25 

12 

11 

-0  30.64 

-    9  46.2 

8  32  21.95 

+  18  58  31.1 

9.6233?) 

0.6728 

R 

27 

13  50  51.1 

25 

10 

10 

-0  32.41 

-    9  37.2 

8  32  20.19 

+  18  58  40.1 

9.5897?) 

0.6470 

P 

27 

14  13  33.3 

25 

12 

10 

-0  34.09 

-    9  32.3 

8  32  18.51 

+  18  58  45.0 

9.5538?) 

0.6200 

s 

R.  A.  RossiTER  =  R,  P.  A.  Smith  =  .S',  C.  G.  Ross 
Miss  M.  E.  Vosburg  =  V. 


S.  K.  Proctor  =  P,  Miss  H.   M.  Losii  =  L, 


Menu  Places  for  1021   of  Coiiiporison  Stars 


* 

a 

Red.  to 
App.  PI. 

5 

Red.  to 
.\pp.  PI. 

Authority 

h       m       s 

J 

o 

1 

„ 

, 

1 

8  46     4.17 

+  2.41 

+  27 

7 

20.5 

-13.9 

.1 .  (i.  Cambridge  4707 

2 

2     5  31.02 

+4.34 

+  12 

4S 

S.O 

+  17.9 

.1.  (!.  Leipnig  I  636 

3 

1   58  51.62 

+  4.33 

+  11 

58 

2.0 

+  18.4 

.4.  (1.  Leipsui  /  612 

4 

2      1   59.40 

+4.33 

+  12 

3 

3 1 .3 

+  18.4 

\9.1  mag.     Connoftcd  willi  "^  3 
(  Aa  =  +3"'  7^78  Ab  =  +5'  29".3 

5 

3   16  46.56 

+4.31 

+  s 

10 

0,4 

+  11.1 

.4.  a.  Leipzig  II  1244 

6 

2  44  14.13 

+  4.39 

+   7 

12 

30.3 

+  12.4 

.4.  G.  Leipsig  II  1037 

7 

7  20  10.26 

+  5.32 

+  25 

19 

55.3 

-20.1 

,1.  (1.  Cnmhridgc  4005 

8 

7  25  57.04 

+  5.32 

+  25 

12 

18.8 

-20.1 

\  9.5  iiiag.     Connect 0(1  witli  ^  7 
(  Aa  =   -0'"  13\22  Ad  =   -7' 36". 5 

Mea ) 

Places  ./■ 

ir  1922  of  Com 

parisoii  Stars 

9 

7    13     2.06 

+  1.84 

+  24 

40 

6.1 

-12.3 

A .  G.  Berlin  H  287() 

10 

7     5  45.89 

+  1.90 

+  24 

14 

21.9 

-11.9 

.4.  G.  Berlin  B  2814 

11 

7     0  27.69 

+  1.92 

+  23 

49 

17.8 

-11.8 

,4.  G.  Berlin  B  2756 

12 

6  59  22.77 

+  1.92 

+  23 

47 

32.5 

-11.8 

\  9.1  mag.     Connected  with  -^  11 
)Aa=    -V"  4\92  A3  =   -1'45".3 

N"-  803 
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ir 

a 

Red.  to 
App.  PI. 

5 

Red.  to 
App.  PI. 

Authority 

13 

h       m       s 

6  55  56.92 

+  L92 

+23  33     0.2 

-11, G 

.4.  G.  Berlin  B  2720 

14 

6  56   11.21 

+  1.99 

+35     6  29.9 

-11.4 

A.G.  Lund  3635 

15 

6  54     6.80 

+  2.02 

+  35  11     0.7 

-11.2 

A.  G.  Lund  3614 

16 

6  43  21.27 

+2.07 

+34  12     4.9 

-   9.8 

A.  G.  Leiden  2826 

17 

6  41     3.96 

+  2.08 

+34  22  39.5 

-   9.6 

A.  G.  Leiden  2808 

18 

7  10  28.93 

+  1.85 

+  23  22  25.6 

-12.3 

A.  G.  Berlin  B  2851 

19 

7  11   17.71 

+  1.85 

+  23  16  28.3 

-12.3 

^  10.5  mag.     Connected  with  -^  18 
(Aa  =  +0-  48^80  A5  =  -5'  57".3 

20 

7     4     8.03 

+  1.89 

+23  23  45.1 

-12.0 

.4.  G.  Berlin  B  2802 

21 

9  13  49.67 

+  1.94 

+44  58  39.6 

-16.2 

.4.  G.  Bonn  7044 

22 

9  11   10.91 

+  2.02 

+45   15     4.4 

-15.8 

A.G.  Bonn  7023 

23 

9     9  18.46 

+2.04 

+45   12     9.7 

-15.7 

.4.  G.  Bonn  7002 

24 

8  46     3.47 

+  2.31 

+46  13  32.7 

-11.5 

A.  G.  Bonn  6809 

25 

8  32  50.73 

+  1.86 

+  19     8  31.8 

-14.5 

A.  G.  Berlin  A  3428 

26 

8  32  55.07 

+  1.86 

+  18  58     2.9 

-14.5 

\  9.5  mag.     Connected  ^dth  -^  25 
^o  =  +0-°  43^4  AS  =   -10'  28".9 

OBSERVATIONS   OF  THE   SATELLITES  OF  SATURN,    1911-12, 

WITH    THE    26-INCH    REFRACTOR    OF    THE    V.    S.    NAVAL    OBSERVATORY, 

By   ASAPH   HALL  and   H.   E.   BURTON. 

[Communicated  by  Captain  W.  D.  MacDougall,  U.  S.  Navy,  Superintendent,  U.  S.  Naval  Observatory. 


Date 


W.  M.  T. 


r~,  c     .  Power  and 

Corap.     Seemg  ^y^^^_ 


Obs. 


Remarks 


1911  Sept 

0 

24 

24 

Oct. 

13 

13 

25 

25 

Dec. 

6 

6 

19 

19 

1911  Sept. 


Oct. 


15  3  51 

12  19  42 

12  42  9 

11  7  20 

11  22  2 


289.50 
304.18 
304.92 
260.56 
260.95 


Mimas-Tethys 


15  45 

17 

109.02 

13   12 

19 

49.85 

13  42 

58 

42.00 

11  45 

38 

13.05 

12   11 

10 

1.62 

15     9 

33 

119.64 

15  28 

29 

116.38 

12   18 

58 

92.22 

12  37 

2 

93.10 

7  33 

32 

119.30 

8     1 

58 

114.77 

13  12  30 

13  43  40 

11  45  34 

12  10  2 

15  11  13 

15  29  28 

12  20  5 

12  38  18 

7  32  40 

8  3  3 


15  20  49 

12  20  58 

12  42  51 

11  7  36 

11  22  23 


4.0 

3 

24.90 

4,4 

3 

23.28 

4,4 

3 

22.62 

4.4 

2 

22.73 

4  ,  4 

2 

38.39 

4,  4 

2-3 

39.98 

4  ,4 

2-3 

20.01 

4,4 

1-2 

19.68 

4,4 

1-2 

30.04 

4.4 

2-3 

31.86 

4,4 

2-3 

Mimas-Rhea 


42.87 
33.71 
34.57 
52.79 
53.14 


2-3 
2 

2 
2 
2 


367, 

Red 

Bu 

367p 

Red 

Bn 

367  p 

Red 

Bn 

367, 

Brt. 

Bn 

367, 

Brt. 

Bn 

367. 

Bit. 

Bn 

367. 

Brt. 

Bn 

367, 

Brt. 

Bn 

367, 

Brt. 

Bn 

367, 

Brt. 

Bn 

367, 

Brt. 

Bn 

367, 

Rod 

Bn 

367p 

Red 

Bn 

367p, 

Red 

Bn  , 

367, 

Brt. 

Bn 

367, 

Brt. 

Bn 

Clouded. 
Haze  at  times. 


Bright  moonlight. 


Moonlight.     Haze. 
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Date 

VV.  M.  T. 

P 

W.  M,  T. 

.s 

Comp. 

Seeing 

Power  and 
Ilium. 

Obs. 

Remarks 

Mivias-Rhea  {Continued) 

1911  Oct. 

26 

15     7  31 

275.94 

15'    857" 

57.32 

4  ,  4 

3 

367,     Brt. 

Bn 

26 

15  26  54 

276.33 

15  29     9 

58.15 

4,4 

3 

367,     Brt. 

Bn 

Nov. 

16 

8  47  57 

80.34 

8  48  53 

112.00 

■i,4 

3 

367,     Brt. 

Bn 

16 

9     7     1 

79.37 

9     6  22 

111.21 

4  ,  4 

3 

367,     Brt. 

Bn 

E71 

celaclus-Tetl>i/s 

1911  Sept 

6 

14     7  47 

231.59 

14  20  52 

35.44 

4,4 

3 

367,     Brt. 

Hi 

20 

14  29  16 

83.68 

14  29  24 

26.71 

4,4 

2-3 

388.     Red 

HI 

20 

14  55  42 

82.08 

14  57   16 

27.31 

4  ,  4 

2-3 

388,    Red 

Hi 

30 

12     8  15 

323.39 

12     7     7 

10.86 

4  ,  4 

2-3 

367p,  Red 

HI 

30 

12  39  15 

315.38 

12  40  44 

14.99 

4,4 

2-3 

367p,  Red 

HI 

Oct. 

13 

12  48  48 

279.00 

12  48  58 

67.69 

4,4 

2 

367,     Brt. 

HI 

Enceladus  very 

25 

13  54  37 

259.82 

13  53  20 

25.18 

4,4 

2 

367p,  Brt. 

HI 

[faint.     Haze. 

25 

14  26  29 

257.19 

14  25  49 

25.20 

4,4 

2 

367p,  Brt. 

HI 

26 

10  44  56 

76.36 

10  38     6 

55.4§ 

4,3 

2 

367p,  Brt. 

HI 

Very  faint   at 

26 

14  32     7 

49.14 

14  31    19 

37.71 

4  ,  4 

2 

367p,  Brt. 

HI 

[times.     Haze. 

Nov. 

1 

11     3  58 

291.52 

11     6  14 

63.94 

4,4 

3-4 

367p,  Brt. 

HI 

[out. 

1 

11  48  34 

287.14 

11  .39  44 

68.86 

4.3 

3-4 

367p,  Brt. 

HI 

Enceladus  went 

Dec. 

4 

9     0     3 

234.88 

9     2  32 

9.82 

4,4 

3 

367,     Brt. 

HI 

Windy,     Brt. 

4 

9  36  23 

228.94 

9  37     7 

9.79 

4  ,4 

3 

367,     Brt. 

HI 

[moonlight. 

5 

8     7  13 

27.31 

8  10     6 

24.65 

4,4 

2-3 

367,     Brt. 

HI 

Bright  moonlight. 

5 

8  35  58 

16.22 

8  36  12 
7 

23.50 

'elhys-Di 

4,4 

one 

2-3 

367,     Brt. 

HI 

1911  Sept 

12 

14  22  39 

289.77 

14  33  51 

73.43 

4  ,  4 

4 

367p,  Brt. 

Bn 

Moonlight. 

12 

14.  51  44 

287.86 

14  42  49 

74.59 

4,  4 

4 

367p,  Brt. 

Bn 

13 

14  42  18 

134.31 

14  50  58 

31.14 

4  .  4 

3-4 

495p,  Brt. 

Bn 

13 

15     5  41 

130.95 

14  57  54 

31.53 

4  ,  4 

3-4 

495p,  Brt. 

Bn 

16 

16     2  37 

209.07 

16  12  45 

36.89 

4  ,  4 

4 

367p,  Brt. 

Bn 

' 

16 

16  26  25 

203.38 

16  18  49 

36.32 

4  ,4 

4 

367p,  Brt. 

Bn 

20 

13  26  33 

301.79 

13  36     0 

13.64 

4,4 

3 

367p,  Brt. 

Bn 

20 

13  54  20 

300.88 

13  45     S 

13.59 

4,4 

3 

367p,  Brt. 

Bn 

Oct. 

11 

14     6  53 

110.88 

14     7  26 

77.11 

4,4 

4 

367p,  Brt. 

Bn 

11 

14  27  37 

109.41 

14  29  10 

79.91 

4  ,4 

4 

367p,  Brt. 

Bn 

12 

11  .58  23 

343.93 

12     0  23 

41.40 

4,4 

3 

367p,  Brt. 

Bn 

12 

12  21  34 

337.64 

12  21  40 

42.72 

4  ,4 

3 

367p,  Brt. 

Bn 

Cloudetl. 

Nov 

1 

13  46  31 

209.09 

13  46  51 

21.13 

4  ,  4 

3-4 

367p,  Brt. 

Bn 

1 

14     7  24 

204.02 

14     8  28 

20.01 

4,4 

3-4 

367p,  Brt. 

Bn 

15 

8  48  59 

270.56 

8  48  57 

44.48 

4,4 

4 

367p,  Brt. 

Bn 

15 

9     8  17 

270.27 

9     9     8 

45.47 

4  ,  4 

4 

367p,  Brt. 

Bn 

Clouded. 

22 

12  48  29 

61.48 

12  48  50 

57.46 

4  ,  4 

2-3 

367 p,  Brt. 

Bn 
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Date 

W.  M.  T. 

p 

W.  M.  T. 

Comp. 

Seeing 

Power 

and  Ilium. 

Obs. 

Remarks 

Tethys-Dione 

h       m        3                 f 

Continued) 

1911  Nov. 

22 

13     6"26' 

59.66 

13     6  50 

55.68 

4,4 

2-3 

367p,  Brt. 

Bn 

30 

8  37  19 

66.44 

8  38  19 

74.25 

4,   4 

3-4 

367p,  Brt. 

Bn 

30 

8  57  20 

64.74 

8  56     5 

71.88 

4,4 

3-4 

367p,  Brt. 

Bn 

Teihijs-Rh 

?a 

1911  Sept 

11 

14  32  58 

257.27 

14  44  43 

42.03 

4,4 

2-3 

495p,  Brt. 

Bn 

11 

15     0  30 

256.98 

14  52   13 

42.00 

4  ,4 

2-3 

495p,  Brt. 

Bii 

Objective  fog 

ged. 

16 

12  56  48 

257.96 

13     8  54 

116.62 

4  ,4 

4 

367p,  Brt. 

Bn 

16 

13  28  36 

256.73 

13   18  49 

115.92 

4,4 

4 

367p,  Brt. 

Bn 

20 

12  35  30 

263.73 

12  48     7 

111.40 

4  ,4 

3-^ 

367p,  Brt. 

Bn 

20 

13     8  59 

262.73 

12  57  41 

110.70 

4  ,  4 

3-4 

367p,  Brt. 

Bn 

26 

11  38  50 

135.09 

11  49     8 

65.28 

4,4 

3-4 

367p,  Brt. 

Bn 

26 

12     4  16 

131.71 

11   56  36 

66.35 

4,4 

3-4 

367p,  Brt. 

Bn 

Oct. 

11 

15     0  23 

80.53 

15     0  42 

75.75 

4,4 

3 

367p,  Brt. 

Bn 

11 

15   13  26 

80.18 

5,0 

3 

367p,  Brt. 

Bn 

Clouded. 

12 

14   12  54 

292.61 

14   13  29 

95.22 

■1  ,-1 

2-3 

367p,  Brt. 

Bn 

12 

14  31   51 

291.50 

14  32   11 

97.38 

4  ,4 

2-3 

367p,  Brt. 

Bn 

Clouded. 

Nov 

5 

9  23   25 

194.50 

9  23  40 

30.56 

4  ,4 

2 

495p,  Brt. 

Bn 

Moonlight. 

5 

9  40  45 

191.54 

9  40  31 

29.90 

4  ,4 

2 

495p,  Brt. 

Bn 

Clouded. 

16 

11   38  39 

87.17 

11   39  46 

98.61 

4  ,4 

3 

495p,  Brt. 

Bn 

16 

11    59  36 

86.58 

11   59  36 

99.55 

4  ,  4 

3 

495p.  Brt. 

Bn 

25 

9  50  25 

75.88 

9  51    11 

34.39 

4  ,  4 

2-3 

367p,  Brt. 

Bn 

25 

10     6  23 

76.41 

10     7     7 

34.40 

4  ,  4 

2-3 

367p,  Brt. 

Bn 

Doc. 

1 

11     5  48 

268.19 

11     7  39 

69.06 

4,4 

3-4 

367p,  Brt. 

Bn 

Haze. 

1 

11   26     9 

267.77 

11  26  35 

67.81 

■1,4 

3-4 

367p,  Brt. 

Bn 

Dione- 

Rhea 

1911  Sept 

13 

15  32     3 

81.65 

15  47  44 

102.11 

4  ,  4 

4 

495p,  Brt. 

Hi 

13 

16     7  45 

80.57 

15  57  53 

101.74 

4  ,4 

4 

495p,  Brt. 

HI 

26 

12  23  48 

117.45 

12  37  46 

91.76 

4  ,4 

3-4 

367p,  Brt. 

HI 

26 

12  58   17 

115.57 

12  48  11 

92.93 

4  ,  4 

3-4 

367p,  Brt. 

HI 

Oct. 

11 

11   22  36 

29.00 

11   22  49 

45.73 

4  ,4 

4 

495p,  Brt. 

HI 

Moonlight. 

11 

11   58  51 

23.63 

11   59  35 

43.23 

4,4 

4 

495p,  Brt. 

HI 

13 

15  24  42 

269.88 

15  21     9 

36.06 

4  ,  4 

2 

367  p.  Red 

HI 

Faint.  Haze. 

18 

12  47  41 

145.72 

12  48  20 

44.07 

4  ,  4 

3 

367p,  Brt. 

HI 

18 

13   19  30 

141.41 

13  19  38 

45.58 

4  ,  4 

3 

367p,  Brt. 

HI 

23 

11   46  20 

157.32 

11  45     2 

58.40 

4,4 

4 

367p,  Brt. 

HI 

23 

12   15     4 

152.86 

12  15  50 

60.34 

4,4 

4 

367p,  Brt. 

HI 

29 

12  43  21 

81.30 

12  45     1 

128.25 

4  ,4 

•    3-4 

367 p,  Brt. 

HI 

29 

13  20     1 

80.23 

13  22  31 

127.06 

4  ,4 

3-4 

387p,  Brt. 

HI 

Nov 

21 

10  21  29 

355.20 

10  20  40 

48.91. 

4,  4 

3 

367p,  Brt. 

HI 

21 

10  51  42 

349.23 

10  49  56 

49.03 

4,4 

3 

367p,  Brt. 

Hi 

100 
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Date 


W.  M.  T. 


W.M.T.  s         IComp.     Seeing        J^°J-^,^^ 


Obs. 


Remarks 


1911  Nov.   30 

30 

Dec.    17 

17 


1911  Sept.  11 
11 
12 
12 
16 

16 

30 

30 

Oct.      4 

4 

1] 
11 
13 
13 
16 

16 

18 
18 
26 
26 


Nov. 


1 

2 

2 

13 

13 

18 
18 
22 
22 
25 


Dec. 


U  10  57 

317.90 

11  39  24 

315.10 

9  23  51 

103.98 

10  9  24 

102.28 

13 

6 

50 

44.636 

13 

57 

44 

42.917 

13 

1 

47 

322.662 

13 

35 

49 

324.021 

15 

0 

57 

257.157 

15 

33 

56 

257.208 

13 

6 

48 

284.317 

13 

55 

7 

283.837 

15 

30 

18 

142.602 

15 

52 

49 

142.419 

12 

35 

43 

61.394 

13 

19 

36 

61.983 

13 

41 

21 

26.672 

14 

20 

16 

24.497 

10 

54 

27 

264.421 

11 

33 

15 

264.049 

10 

37 

20 

262.064 

11 

10 

26 

262.227 

13 

19 

29 

81.812 

13 

56 

49 

81.428 

14 

48 

55 

278.229 

9 

46 

50 

266.578 

10 

21 

3 

266.173 

10 

49 

30 

64.664 

11 

33 

45 

63.957 

10 

41 

46 

261.758 

11 

17 

41 

262.028 

14 

28 

25 

115.418 

15 

2 

30 

114.661 

10 

49 

30 

100.299 

11 

31 

1 

100.251 

10 

22 

28 

187.181 

10 

58 

14 

188.558 

11 

17 

46 

194.185 

11 

53 

27 

192.936 

Dione-Rhea  {Continued) 


11  9  47 

15.87 

4,4 

3-4 

11  51  53 

15.33 

2,4 

3-4 

9  25  2 

115.30 

4,4 

3 

10  12  11 

120.08 

4  ,  4 

3 

367p,  Brt. 
367p,  Brt. 
367p,  Brt. 
367p,  Brt. 


13  25  31 

13  38  23 

13  14  43 

13  24  55 

15  13  33 

15  23  37 

13  26  19 

13  41  57 

15  31  17 

15  52  6 

12  35  52 

13  19  11 

13  41  50 

14  20  30 

10  56  29 

11  36  34 

10  37  36 

11  11  23 
13  18  5 

13  56  44 

14  47  1 
9  46  26 

10  20  21 

10  49  54 

11  36  8 

10  40  49 

11  17  47 

14  32  34 

15  3  59 

10  51  49 

11  30  51 
10  21  47 

10  57  16 

11  17  16 
11  54  59 


Rhea-Titan 


HI 
HI 
HI 
HI 


99.10 

4,4 

3 

495,p 

Brt. 

HI 

98.93 

4,4 

3 

495p, 

Brt. 

HI 

115.52 

4,4 

4 

495p, 

Brt. 

HI 

116.66 

4,4 

4 

495p, 

Brt. 

HI 

99.55 

4,4 

4 

367p, 

Brt. 

HI 

99.28 

4,4 

4 

367p, 

Brt. 

HI 

170.81 

4,4 

3 

495p, 

Brt. 

H. 

17,2.05 

4,4 

3 

495p, 

Brt. 

HI 

67.17 

4,4 

4 

495p, 

Brt. 

HI 

66.89 

•1,4 

4 

495p, 

Brt. 

HI 

76.59 

4,4 

3-4 

495p, 

Brt. 

HI 

77.04 

4,4 

3-4 

495p, 

Brt. 

HI 

99.81 

4,4 

2-3 

495p, 

Brt. 

HI 

98.88 

4,4 

2-3 

495p, 

Brt. 

Hi 

209.21 

4,4 

2 

367p, 

Brt. 

H! 

206.19 

4,4 

,2 

367p, 

Brt. 

HI 

122.25 

4,4 

3 

367p, 

Brt. 

HI 

123.87 

.4,4 

3 

367p, 

Brt. 

HI 

264.70 

4  ,4 

2 

367  p. 

Brt. 

HI 

264.48 

4  ,4 

2 

367p. 

Brt. 

HI 

232.51 

4  ;  4 

3 

367p, 

Brt. 

HI 

285.11 

4,4 

3 

367p, 

Bit. 

HI 

285.26 

4.4 

3 

367p, 

Brt. 

HI 

137.06 

4,4 

2-3 

367p, 

Brt. 

HI 

136.99 

4  ,4 

2-3 

367p, 

Brt. 

HI 

108.02 

4,4 

4 

367p, 

Brt. 

HI 

107.95 

4,4 

4 

367  p, 

Brt. 

HI 

176.35 

4,4 

2-3 

367p, 

Brt. 

HI 

177.92 

4,4 

2-3 

367p, 

Brt. 

HI 

135.15 

4  ,4 

2-3 

367p, 

Brt. 

HI 

137.25 

4  ,  4 

2-3 

367p, 

Brt. 

Hi 

41.14 

4  ,4 

2 

495p, 

Brt. 

HI 

41.28 

4  ,4 

2 

495p, 

Brt. 

HI 

63.54 

4  ,  4 

2-3 

367p, 

Brt. 

HI 

63.94 

4,4 

2-3 

367p, 

Brt. 

HI 

Stopped  by  haze. 


Moonlight.  Misty. 

Moonlight. 
Clouds.      Probably 
[p  should  be  de- 
[creased  3° 


Windy. 

Clouds. 

Rhea  faint.     Haze. 

Foggy. 


Clouds. 


Thick  haze. 
Satellites  went  out. 


Brt.  moonlight. 

Moonlight. 
Clouded. 
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Date 


W.  M.  T. 


1911  Dec.  10 

10 
18 
18 

1912  Jan.  10 

10 
19 
19 
20 
20 


1911  Oct.  24 

24 

25 

25 

Dec.  6 


1912  Jan. 


1911  Sept.  13 
13 
16 
IG 
20 

20 
Oct.  23 
23 
24 
24 

25 
25 
26 
26 
29 


W.  M.  T. 


Comp. 


,,     .  Power 

^""'''^         and  Ilium. 


Obs. 


Remarks 


Rhea-Titan  {Continued) 


10 

34  36 

100.371 

11 

23  57 

99.748 

9 

46  26 

270.725 

10 

25  54 

270.309 

7 

36  36 

121.049 

8  14  23 

7  27     1 

8  5  23 

8  51     6 

9  26  58 


24 

7  40  9 

24 

8  23  58 

27 

7  37  9 

27 

8  15  4 

120.036 
269.474 
269.222 
267.186 
267.360 

153.872 
151.188 
107.196 
107.330 


10  38  31 

11  28     8 
9  46     6 

10  25  43 

7  39  25 

8  14  28 

7  30  45 

8  11     5 

8  54  32 

9  26  56 

7  42  37 

8  24  55 

7  39  29 

8  15  47 


13  34  5 

198.894 

14  13  43 

198.150 

10  53  42 

166.573 

11  31  11 

165.562 

10  10  0 

86.680 

11  10  58 

86.264 

9  14  38 

79.622 

7  39  33 

80.482 

7  55  53 

69.628 

262.15 
265.11 
213.73 
211.28 
151.66 

154.95 
173.01 
170.76 
104.67 
104.07 

99.08 

100.56 

97.21 

98.54 


4,4 
4  ,4 
4  ,4 
4,4 
4,4 

4,4 
4,4 
4,4 
4,4 


Titan-Hyyerion 


Titan- Japetus 


13  40 

1 

194.565 

14  13 

6 

194.272 

14  5 

1 

148.807 

14  42 

25 

148.633 

15  36 

13 

190.451 

16  14 

50 

190.905 

13  16 

53 

10.669 

13  46 

25 

10.364 

15  17 

7 

352.273 

15  44 

2 

351.891 

12  26 

25 

339.878 

12  53 

41 

339.576 

11  56 

16 

331.029 

12  25 

32 

330.872 

10  33 

56 

353.103 

13  52  49 

14  2  26 
14  24     0 

14  33     5 

15  51  46 

16  0  8 
13  15  33 
13  44  52 
15  17  37 
15  46  55 

12  26  40 
12  52  56 

11  56  29 

12  26  26 
10  34  17 


2 
2 
3 
3 
3 

3 
3 
3 
2 
2 

3-4 
3-4 

3 

3 


367p,  Brt. 
367p,  Brt. 
367p,  Brt. 
367p,  Brt. 
367p,  Brt. 

367p,  Brt, 
367p,  Brt. 
367p,  Brt. 
367p,  Brt. 
367p,  Brt. 

367p,  Brt. 
367  p,  Brt. 
367p,  Brt. 
367p,  Brt. 


HI 
HI 
HI 
HI 
HI 

HI 
HI 
HI 
HI 
HI 

HI 
HI 
HI 
HI 


13  36  41 

56.68 

4  ,4 

3 

14  17  15 

56.28 

4  ,4 

3 

10  54  56 

60.59 

4.4 

2 

11  34  15 

61.40 

4,4 

2 

10  14  58 

303.77 

4,4 

2 

11  7  34 

302.13 

4,4 

2 

9  26  22 

256.98 

3,5 

2 

7  46  27 

366.57 

4,4 

2 

7  58  26 

289.11 

4  ,4 

3 

240.31 

4,4 

2-3 

240.42 

4,4 

2-3 

152.19 

4,4 

4 

151.84 

4,4 

4 

72.39 

4  ,4 

3 

72.65 

4,4 

3 

254.28 

4,4 

3 

253.13 

4,4 

3 

216.02 

4,4 

3-4 

215.20 

4,4 

3-4 

194.23 

4,4 

1-2 

194.09 

4,4 

1-2 

170.12 

4,4 

2-3 

169.48 

4,4 

2-3 

88.90 

4,4 

3-4 

367,  Red 
367,  Red 
367p,  Red 
367p,  Red 
495p,  Brt. 

495p,  Brt. 
367p,  Brt. 
367p,  Brt. 
367p,  Brt. 
367p,  Brt. 

367p,  Brt. 
367p,  Brt. 
367p,  Brt. 
367p,  Brt. 
367p.  Brt. 


HI 
HI 
HI 
HI 
HI 

HI 
Bn 
Bn 
Bn 
Bn 

Bn 
Bn 
Bn 
Bn 
Bn 


367b, 

Red 

HI 

367b, 

Red 

HI 

367b, 

Red 

HI 

367b, 

Red 

HI 

367b, 

HI 

367b, 

HI 

367b, 

Red 

HI 

367b, 

Red 

HI 

367b 

Red 

HI 

Windv. 


Hyperion  very  ft. 


Hyperion  very  ft. 

[Haze. 
Brt.  moonlight. 
Stopped  by  moon- 
[light. 


Moonlight. 

Star   observed   for 
[Japetus? 
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Date 


W.  M.  T. 


W.  M.  T. 


Co,np.      Seoing         J^-^^ 


Obs. 


Remarks 


Titan-Japetus   (Continued) 


1911  Oct.    29 

Nov.  1 
1 
2 
2 


Dec. 


11 

1912  Jan.    10 

10 


11     0 

38 

353.576 

9  47 

56 

11.824 

10     9 

42 

11.616 

11     6 

39 

348.935 

11  30 

1 

348.458 

11    10 

49 

128.493 

11  35 

29 

128.368 

8     1 

9 

124.508 

8  23 

3 

124.565 

7  21 

12 

130.694 

7  40 

27 

130.721 

8  48 

24 

143.745 

9   14 

30 

11.883 

9  43 

47 

11.494 

11  0  33 

9  49  29 

10  9  35 

11  6  44 
11  30  55 

11  11  56 

11  37  20 

8  1  58 

8  24  3 

7  21  59 

7  41  7 

8  49  14 

9  18  6 
9  43  14 


88.73 

4 

4 

3-4 

111.29 

4 

4 

2-3 

111.42 

4 

4 

2-3 

126.41 

4 

4 

3 

126.82 

4 

4 

3 

180.48 

4 

4 

2-3 

179.96 

4 

4 

2-3 

119.82 

4 

4 

2 

119.31 

4 

4 

2 

88.56 

4 

4 

2 

88.42 

4 

4 

2 

90.55 

4 

4 

2 

250.63 

4 

4 

3-4 

249.03 

4 

4 

3-4 

367p,  Brt. 
367p,  Bit. 
367p,  Brt. 
367p,  Brt. 
367p,  Brt. 

367p,  Brt. 
367p,  Brt. 
495p,  Brt. 
495p.  Brt. 
495p,  Brt. 

495p,  Brt. 
367p,  Brt. 
367p,  Brt. 
367p,  Brt. 


Bn 
Bn 
Bn 
Bn 
Bn 

Bn 
Bn 
Bn 
Bn 
Bn 

Bn 
Bn 
Bn 
Bn 


Brt.  moonlight. 


Stopped  by  haze. 


Titan-Japetus 


Date 

W.M.T. 

Aa 

AS 

Com  p. 

Seeing 

Power  and 

Ilium.' 

Obs. 

Remarks  - 

1911  Sept. 

30 

h      m       s 

15  14  30 

+46'209 

+   17.85 

t30  ,  10 

3 

367,  Red 

Bn 

Oct. 

4 

12  32    2 

+  72.771 

+  29.77 

t24  ,    8 

3-4 

367,  Red 

Bn 

Star  observed  for  Japetus? 

18 

14  20  16 

+  39.483 

+  271.60 

t30  ,  10 

2 

367,  Red 

Bn 

[Japetus  V.  ft.     Clouded. 

Nov. 

11 

9  53  22 

-47.739 

-   93.76 

tl8,    6 

2-3 

367.  Brt. 

Bn 

Interrupted    by    haze    and 

19 

13    3  56 

-27.807 

-118.09 

t30  ,  10 

3-4 

367,  Brt. 

Bn 

Haze.       [clouds.    Clouded. 

21 

9  41  19 

-34.874 

-113.38 

t30  ,  10 

2 

367.  Brt. 

Bn 

22 

12    0  31 

-39.310 

-125.80 

t30  ,  10 

2 

367,  Brt. 

Bn 

Japetus  faint  at  times.     In- 

26 

11  45  48 

-40.951 

-231.08 

t30  ,  10 

2 

367,  Brt. 

Bn 

Iterrupted  by  haze. 

Dec. 

18 

8  42  42 

+45.530 

+     0.61 

t30  ,  10 

2-3 

367,  Brt. 

Bn 

JapeUis  faint. 

Comp. :    t  =  transits.     Seeing:     1  =  excellent,    2  =  good,   3  =  fair,   4 
occulting  bar  over  planet,  p  =  prism.  Red  =  red  wires,  Brt.  =  bright  field. 
Clark  II  micrometer  was  us(!d  for  all  observations. 
Value  of  one  revolution  =  9".9329  +  0".0000  525  (t°  -^  50°F.)  +  0".0255 

U.  S.  Ohservalory,   Washington,  D.  C, 
192$,  March  27. 


--  poor.     Power    and    Ilium. :     b  = 
01)S. ;    HI  =   H.\LL,  Bn  =  Burton. 


;l'"-.280  -  focal  scale). 
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THE   INTERPRETATION   OF   APPARENT   CHANGES   IN   MEAN   LATITUDE, 

AT   THE    INTERNATIONAL   LATITUDE    STATIONS, 

By  WALTER   D.  LAMBERT. 


I 

In  a  paper  presented  by  the  writer  at  the  Swarth- 
more  meeting  of  the  American  Astronomical  Society,^ 
December  29,  1921,  attention  was  called  to  the  fact 
that  the  mean  latitudes  of  the  international  latitude 
stations,  that  is,  the  latitudes  cleared  of  the  effects  of 
the  annual  and  of  the  14-month  terms,  showed,  during 
the  years  1900  to  1917  inclusive,  a  general  tendency 
toward  a  progressive  increase.  These  changes  were  ex- 
plained as  due  in  part  to  cumulative  errors  in  the 
declinations  used,  errors  due  prcsumbaly  to  imperfec- 
tions in  the  proper-motions,  and  in  part  to  a  progressive 
displacement  of  the  North  Pole  toward  the  American 
continent.  In  a  paper  published  in  this  Journal- 
Prof.  Schlesinger  concurs  in  the*  idea  that  the 
apparent  changes  in  latitude  are  due  to  erroneous 
proper-motions  and  finds  that  a  change  from  the 
Auwers-Cohn  system  of  the  International  Latitude 
Service  to  the  Lewis  Boss  system  will,  in  the  main, 
largely  reduce  these  changes  even  without  a  motion  of 
the  pole.  The  chief  exception  is  the  station  Mizusawa; 
this  station,  after  the  change  to  the  Boss  system,  shows 
a  decrease  of  0".0079  annually.  This  decrease  Prof. 
Schlesinger  explains  by  a  southward  "proper- 
motion"  of  the  ground  on  which  the  station  rests  and 
explains  the  movement  as  presumablj'  due  to  stresses 
in  the  earth's  crust  in  accordance  with  the  elastic- 
rebound  theory  of  earthquakes.  The  0".0079  is 
equivalent  to  about  9><  inches  or  24  centimeters. 

The  purpose  of  the  present  paper  is  to  present,  in 
more  detail  than  would  have  been  desirable  at  the 
Swarthmore  meeting,  the  methods  bj^  which  the  rates 
of  change  of  latitude  were  derived,  to  give  a  discussion 
of  these  rates,  suggested  in  part  by  Prof.  Schles- 
inger's  paper,  and  to  touch  briefly  on  the  elastic- 
rebound  theory  of  earthquakes. 

^Journal  of  the  Washington  Academy  of  Sciences,  Vol.  XII,  p.  28, 
1921. 

-Vol.  XXXIV,  p.  42,  1922. 


The  only  periodic  terms  used  in  reducing  the  ob- 
served latitudes  to  their  mean  values  were  the  annual 
term  and  the  14-month  term.  The  exact  period  of  the 
latter  was  taken  as  4.32.5  mean  solar  days,  a  mean  re- 
sult between  the  432.2  days  found  by  Dyson  and  the 
432.8  days  found  by  Wanach.  If  the  mean  latitude  is 
taken  over  the  period  of  a  year,  the  effect  of  annual  or 
semi-annual  periodic  terms  disappears  from  the  mean. 
To  remove  the  effects  of  the  14-month  term,  harmonic 
analyses  were  made  for  each  station  independently  and 
without  reference  to  anj^  motion  of  the  pole.  The 
amplitudes  and  epochs  thus  deduced  were  used  to 
eliminate  the  effect  of  the  14-month  term  from  the 
mean  latitude  corresponding  to  anj-  calendar  year  at 
the  station.  Full  details  are  given  in  special  publica- 
tion No.  80  of  the  U.  S.  Coast  and  Geode,tic  Survey, 
now  in  press.  The  results  only  are  given  in  Table  1. 
The  results  for  Tschardjui  are  all  reduced  to  the 
original  station.  The  data  for  the  reduction  are  given 
in  Vol.  V,  p.  2,  of  the  Resultate  des  Internationalen 
Breitendienstes  and  a  map  of  the  vicinity  is  given  in 
Vol.  I. 

A  similar  table  could  be  prepared  in  which  would  be 
given  the  mean  latitudes  by  periods  of  432.5  days,  the 
effect  of  the  annual  terms  being  removed  by  the  nec- 
essary harmonic  analyses  of  the  observed  latitudes  and 
bj'  the  subsequent  computation.  Such  a  table  is  given 
in  special  publication  No.  80,  but  to  save  space  it  is 
omitted  here.  The  general  trends  of  the  latitudes  are 
very  similar  to  those  discernible  in  Table  1,  as  will 
appear  from  Table  2  below. 

To  evaluate  the  rates  of  change  disclosed  in  Table  1, 
a  set  of  observation  equations  may  be  assumed  for  each 
station  in  the  form 


X  -\-  yt  =  A</>. 


(1) 


In  this  form  of  representation,  t  is  the  time  in  years, 
reckoned  from  a  convenient  epoch,  A(/)  is  the  tabular 
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TABLK    1 

Seconds  of  ^Ieax  Latitudks  by  Cai.kndar  Yf:ARS 

(Effect  of  14-month  term  removed  by  computation) 


Calcn-     Mizu-     Tschard-    Ciirlo-    Gaithors-     Cincin- 
dar        sawa  jui  forte  biirg  iiati 

Year 


I'kiah 


1900 

3.612 

10.686 

8.921 

13.139 

19.343 

12.088 

1901 

.623 

.688 

.995 

.199 

.299 

.053 

1902 

.575 

.635 

.936 

.233 

.389 

.059 

1903 

.586 

.676 

.922 

.246 

.411 

.104 

1904 

.597 

.659 

.956 

.197 

.420 

.118 

1905 

.581 

.611 

.963 

.216 

.290 

.125 

1906 

.591 

.536 

.930 

.234 

.335 

.112 

1907 

.580 

.595 

.913 

.239 

.304 

.092 

1908 

.592 

.676 

.921 

.257 

.370 

.071 

1909 

.589 

.686 

.936 

.255 

.351 

.115 

1910 

.597 

.706 

.959 

.259 

.372 

.1.36 

1911 

.555 

.763 

.956 

.281 

.415 

.162 

1912 

.587 

.731 

8.970 

.314 

.431 

.178 

1913 

.602 

.791 

9.000 

.304 

.423 

.157 

1914 

.611 

10.856 

9.000 

13.343 

.490 

.210 

1915 

..580 

8.995 

19..i.30 

.2.50 

1916 

.590 

i).024 

.240 

1917 

3.645 

'J.063 

12.2.36 

number  in  Table  1  for  the  given  year  and  station. 
diminished  by  a  convenient  arbitrary  constant  if  de- 
sired, X  is  .the  adjusted  value  of  A(t>  for  the  assumed 
epoch,  and  y  is  the  adjusted  annual  rate,  assumed  to  be 
uniform,  at  which  the  latitude  of  the  station  is  chang- 
ing. 

It  appears  from  an  inspection  of  Table  1  that  the 
rate  of  change  of  latitude  tends  to  be  more  rapid  during 
the  latter  part  of  the  period  treated.  To  represent 
this  fact  there  ■were  used  as  alternatives  to  equations  in 
the  form  (1)  equations  of  the  form 


X  +  yU  +  zk  =  ^(, 


(2) 


In  this  equation,  ti  is  the  time  before  1912.00.  After 
this  epoch  U  is  taken  as  zero;  similarly  /j  is  tiie  time 
after  1912.00,  being  zero  before  that  epoch.  The 
quantities  )/  and  z  are  the  adjusted  rates  of  change  be- 
fore and  after  1912.00  respectively.  The  symbol  A0 
has  the  same  meaning  as  in  (1),  and  in  (2)  x  is  the 
adjusted  value  of  A0  for  1912.00.  The  date  1912.00 
was  chosen  partly  on  account  of  the  appearance  of  the 
data  in  Table  1  when  plotted,  partly  because  this  date 
is  the  time  of  transition  from  the  definitive  values  of 
the  latitudes  as  worked  up  in  Vols.  Ill  and  V  of  the 
Residtate  des  Internationalen  Breitendienstes  to  the  pro- 
visional values  given  in  the  Nachrichten.^  Expressed 
graphically  the  process  just  outlined  is  equivalent  to 
representing  the  mean  latitudes  by  two  different 
straight  lines  before  and  after  1912.00;  the  two  lines 
meet  on  the  ordinate  corresponding  to  1912.00. 

It  was  found  that  the  values  of  z  in  equation  (2)  de- 
duced from  stations  for  which  the  observations  extend 
through  1917  differed  systematically  according  as  the 
years  used  w-ere  cut  off  with  1914  or  extended  to  1917. 
The  values  of  y  were  practically  unaffected.  A  similar 
systematic  difference  appears  in  the  values  of  y  in 
equation  (1)  and  depends  on  the  length  of  time  covered 
by  the  data.  The  longer  the  period  the  larger  y  is 
found  to  be.  The  rates  quoted  in  Prof.  Schles- 
inger's  paper  are  values  of  y  from  (1)  covering  the 
whole  period  of  observation  at  the  station  in  question. 
Since  the.se  periods  are  of  different  lengths  for  different 
stations,  these  values  of  y  are  not  strictly  comparalile 
with  one  another.  In  order  then  to  make  results  at  all 
stations  more  nearlj'  comparable,  we  shall  confine  our- 
selves at  first  to  observations  not  later  than  1914:  in 
this  case  all  six  stations  may  be  used. 

Table  2  gives  the  values  of  y  and  z  as  found  bv  least- 
square  adjustments  based  on  observation  equations  of 
the  forms  (1)  and  (2).     The  heading  "1900-1914"  in 

■Kislronomische  Naclirichlen,  Vol.  CXCVIII;  No.  4749,  1914. 
Vol.  CCI;  No.  4802,  1915.  Vol.  CCIII;  No.  4858,  1916.  Vol. 
CCV,  No.  4908,  1917.     Vol.  CCVIII;   No.  4969,  1918. 


TABLE   2 

Mean  Annual  Rates  of  Change  of  Latitide  with  Probable  Errors 

(Unit  0".0001  per  anniim.     Conversion  factor  tahidar  units  to  centimeters  is  0".308) 


Station 


Longitude 


1900-1911  1900-1914 

By  Calendar  Vear.s     By  H-nionth  Pcriodt       By  Calendm-  Year.s      By  14-nionth  Periods 


IMizusawa 

141  08  E 

-25 

=t   7 

-27 

±   8 

-      (J 

±   7 

-    11 

±   7 

Tschardjui 

63  29  E 

+  42 

±29 

+  30 

±32 

+  109 

±26 

+  112 

±28 

Carlo  forte 

8  19  E 

+   3 

±12 

-    1 

±16 

+   30 

±11 

+  25 

±12 

Gaithersburg 

77  12  W 

+  90 

±11 

+  83 

±14 

+  103 

=    9 

+  103 

±10 

Cincinnati 

84  25  W 

+31 

±23 

+26 

±21 

+   72 

±20 

+  81 

±19 

Ukiah 

123  13  W 

+  63 

±13 

+  72 

±14 

+   84 

±11 

+  80 

±10 
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Table  2  indicates  that  form  (1)  was  used  to  obtain  an 
average  rate  for  this  period.  The  heading  "  1900-1911" 
indicates  that  equation  (2)  was  used;  the  figures  under 
this  heading  are  values  of  y  and  therefore  apply  only  to 
the  period  indicated,  although  the  data  used  extended 
through  1914.  The  values  of  z  applying  to  the  years 
1912-1914  are  too  poorly  determined  to  be  particularly 
significant  and  are  not  given. 

Table  2  contains  the  rates  deduced  from  Table  1  and 
also  the  rates  from  the  omitted  table  of  mean  latitudes 
by  14-month  periods.  In  working  up  the  latter  the 
date  for  the  change  from  one  straight  line  to  another 
was  not  precisely  1912.0  nor  precisely  the  same  for  all 
stations,  but  the  difference  is  unimportant.  The 
agreement  between  these  two  sets  of  rates  is  satisfac- 
tory. The  probable  errors  are  also  shown  in  the 
usual  way. 

II 

It  is  rates  of  this  character  and  order  of  magnitude, 
although,  as  has  been  noted,  not  always  these  identical 
rates,  for  which  Pkof.  Sciilesingek  would  account  by 
subtracting  87  of  the  units  here  used,  or  0".0087  per 
annum,  a  figure  deduced  from  a  comparison  of  stars 
common  to  the  two  declination  systems.  This  cor- 
rection reduces  the  rates  at  four  of  the  stations  to  small 
amounts,  but  leaves  Mizusawa  and,  to  a  less  extent, 
Carloforte  standing  out  from  the  rest  by  amounts  so 
large  in  comparison  with  the  probable  errors  of  the 
rates  themselves  as  to  necessitate  some  further  hypoth- 
esis, such  as  that  of  a  "proper-motion"  of  the  ground 
at  the  stations  in  question. 

Another  possible  hypothesis  is  that  previously  made 
by  the  writer,  namely,  a  shifting  of  the  North  Pole 
towards  the  American  continent  combined  with  a 
cumulative  correction  to  the  declinations,  both  ele- 
ments to  be  determined  from  the  rates  themselves. 
To  formulate  this  hypothesis  let  u  represent  the  annual 
displacement  of  the  mean  position  of  the  North  Pole 
towards  the  Equator  along  the  meridian  of  Greenwich, 
and  let  v  represent  the  corresponding  annual  displace- 
ment along  the  meridian  of  90°  West.  By  "mean 
position  of  the  pole"  is  meant  the  position  freed  from 
the  effects  of  periodic  terms.  Further  let  w  represent 
the  average  correction  to  the  annual  proper-motion  of 
the  stars  used,  these  being  assumed  to  be  identical  at 
all  stations,  and  let  X  denote  the  west  longitude  of  a 
station.     Then  we  have  for  any  station 

u  cos  X  -|-  !'  sin  X  +  w  =  annual  rate  from  Tal)le  2.  (3) 

There  are  six  observation  equations  like  (3)  to  deter- 
mine u,  V,  and  w. 


Apart  from  the  a  -priori  probability  of  a  displace- 
ment of  the  pole,  a  question  which  will  be  touched  on 
briefly  hereafter,  the  plausibility  of  the  hypothesis 
may  be  judged  by  the  size  of  the  residuals.  To  con- 
dense the  work  means  were  formed  between  the  rates 
in  the  third  and  fourth  columns  of  Table  2  and  between 
those  in  the  fifth  and  sixth  columns.  The  two  sets  of 
means  thus  formed  gave  two  sets  of  annual  rates  to  be 
used  in  observation  equations  of  form  (3).  These  two 
sets  of  mean  rates  and  the  values  of  u,  v  and  w  deduced 
from  them  are  shown  in  Tables  3A  and  3B. 

The  question  of  weights  must  also  be  considered. 
One  logical  system  of  weighting  would  be  to  take 
weights  in  accordance  with  the  theory  of  least  squares, 
that  is,  inversely  proportional  to  the  probable  errors  of 
the  rates  in  Table  2.  Another  method  would  be  to 
give  all  stations  equal  weight.  Both  systems  have 
been  tried.  For  reasons  that  will  appear,  solutions 
were  made  in  which  Tschardjui  was  omitted,  also  solu- 
tions in  which  both  Tschardjui  and  Mizusawa  were 
omitted.  In  order  to  designate  briefly  the  various 
possible  combinations  of  omitted  stations  and  methods 
of  weighting,  solutions  in  which  all  stations  are  in- 
cluded are  numbered  I,  those  in  which  Tschardjui  is 
omitted  II,  and  those  in  which  both  Tschardjui  and 
Mizusawa  are  omitted  are  numbered  III.  The  letter 
a  signifies  that  weights  were  assigned  approximately  in 
the  ratio  of  the  inverse  squares  of  the  probable  errors 
in  Table  2,  while  h  signifies  that  the  weights  of  all  sta- 
tions were  equal.  In  the  columns  under  the  residuals 
for  solutions  II  and  III  the  figures  in  italic  type  for 
Tschardjui  and  Mizusawa  are  the  residuals  computed 
from  the  adjusted  values  of  u,  v,  and  w,  although  the 
corresponding  rates  did  not,  in  these  instances,  enter 
into  the  adjustment. 

Before  discussing  the  results  in  Tables  3A  and  3B 
it  is  desirable  to  put  down  the  results  obtained  by  ex- 
tending the  discussion  beyond  1914.  Except  for  one 
year  at  Cincinnati  there  are  only  three  stations  left, 
Mizusawa,  Carloforte  and  Ukiah,  just  enough  to  deter- 
mine u,  v  and  w.  there  can  be  no  question  of  weights 
or  of  residuals.  If  observation  equations  of  form  (2) 
are  applied  to  the  observations  at  these  three  stations 
for  the  years  1900-1917  inclusive,  the  z's,  though  rather 
poorly  determined,  may  have  some  value.  The  mean 
2's  and  the  results  from  using  them  as  the  annual  rate 
in  equation  (3)  are  given  in  Table  3C  under  the  head- 
ings "1912-1917."  Observation  equations  of  form  (1) 
were  also  applied  to  the  three  stations  for  the  entire 
period  1900-1917;  the  y's  deduced  are  mean  rates  of 
increase  for  this  period.  These  y's,  which  were  used 
as  the  rates  of.  increase  in  equation  (3),  and  the  cor- 
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TARLK   3  A 

PoL.\K  Motion   1900-1911   with  Prob.\hle  Errors 

(unit  0".000l  per  annum) 


All  Stations 

I 

a 

lb 

+  4.3 

± 

11.4 

+  8.2 

±18.7 

+57.3 

± 

9.9 

+32.6 

±14.2 

+  16.4 

± 

7.4 

+  25.4 

±11.4 

Tschardjui  Omitted 
Ila  lib 

-  1.6  ±10.3  -  2.6  ±15.3 
+63.1  ±  9.0  +54.5  ±14.3 
+  12.4    ±   6.7     +  9.2    ±11.1 


Mizusawa  and  T.schardjiii  Omitted 
Ilia  Illb 

-  2.2  ±29.9  -15.7  ±42.0 
+  62.4  ±36.6  +38.4  ±48.6 
+  13.0   ±   9.5     +23.2   ±41.5 


TABLE   3A  —  iContimied) 
Kesidu.\ls.     T.\ble  2  minus  adju.sted  value 


Station 

Rate  from  Table  2 

la 

lb 

lla 

lib 

Ilia 

lllb 

Mizusawa 

-26 

-    3.0 

-24.6 

0.0 

-    3.0 

-    1.6 

-37.4 

Tschardjui 

+  36 

+  69.0 

+  36.1 

+80.8 

+  76.7 

+  79.7 

+  34.2 

Carloforte 

+    1 

-11.1 

-27.8 

-   0.7 

-   0.2 

-   0.8 

-    1.1 

Gaithersburg 

+  86 

+  12.7 

+  27.0 

+  12.4 

+  24.2 

+  12.6 

+  28.9 

Cincinnati 

+  28 

-45.6 

-30.6 

-47.1 

-35.2 

-46.9 

-31.9 

Ukiah 

+68 

+   6.0 

+  19.8 

+    1.9 

+  11.8 

+    1.6 

+   4.1 

TABLE   3B 

Polar  Motion   1900-1914  with  Probable  Errors 

(unit  0".0001  por  annum' 


All  Stations 


la 


+  13.2  ±13.2 
+  53.0  ±11.8 
+40.5  ±   8.8 


II) 


+  22.0 
+  21.9 
+  59.4 


=  24.2 
=  18.4 
=  14.8 


Tschardjui  Omitted 
Ila  lib 


+  4.6  ±4.4 
+62.2  ±4.0 
+34.1  ±3.0 


+  4.2 
+  58.5 
+32.4 


=  6.9 
=  6.5 
=  5.1 


Mizusawa  and  Tschardjui  Omitted 
Ilia  Illb 


+  9.3 
+  68.6 
+  29.0 


12.4 
15.5 
12.4 


+  2.4  ±19.2 
+  56.4  ±22.2 
+34.3  ±19.0 


Station 


TABLE   3B  -  {Conthmed) 
KicsiDfALs.     Table  2  >iuiiii.'<  Adjusted  ValUe 


Rate  from  Table  2 


II) 


Ila 


Ilia 


Illb 


Mizusawa 

-     8 

-      5.0 

-36.5 

+     0.5 

-      0.4 

+  13.4 

-     5.1 

Tschardjui 

+  110 

+  111.1 

+  60.3 

+  129.5 

+  128.1 

+  1S8.S 

+  125.1 

Carloforte 

+  28 

-    17.8 

-50.0 

-      1.6 

-     0.1 

-     0.2 

-      0.5 

Gaithersburg 

+  103 

+     7.9 

+  17.4 

+     7.2 

+    12.6 

+     5.0 

+    13.2 

Cincinnati 

+  76 

-    18.0 

-    7.3 

-   20.5 

-    15.5 

—    22.2 

-    14.6 

Ukiah 

+  82 

+      4.4 

+  1().4 

-      1.7 

+     2.9 

+     0.7 

+      1.8 

responding  values  of  m,  v  and  ii-  are  given  in  'J'ahle  3('  I       A  comparison  of  solution   lb  in  either  ^I'able  3A  or 
under  the  headings  "1900-1917."  |  3B  \\itli  any  of  the  other  solutions  shows  at  once  the 
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TABLE   3C 

Extension  of  Polar  Motion  to  1917 
(unit  0".0001  per  annum) 


Station 

Annual 
Rate 
1912- 
1917 

2 

Annual 
Rate 
1900- 
1917 

y 

1912-1917 

1900-1917 

Mizusawa 

+  96 

+     8 

li       +  31.7 

+  7.5 

Carloforte 

+  182 

+  53 

/•       +  6.20 

+  65.8 

Ukiah 

+  194 

+  106 

ir      +159.6 

+  55.1 

great  disturbing  effect  of  Tschardjui  and  strongly  sug- 
gests the  presence  of  some  abnormal  influence.  As  will 
be  seen,  however,  from  Table  1  this  disturbing  influence 
does  not  make  itself  felt  until  near  the  time  when  it 
became  necessary  to  move  the  Tschardjui  station 
(July,  1909).  For  the  first  seven  or  eight  years  the 
mean  latitude  shows  a  tendencj-  to  decrease  at  a  rate 
quite  consistent  (within  limits  indicated  by  probable 
errors)  with  the  rate  computed  from  any  of  the  solu- 
tions of  Table  3A  except  lb  or  perhaps  Illb.  The 
reason  for  a  change  from  a  decrease  to  an  increase, 
apart  from  the  large  probable  errors  always  found 
here,  might  have  been  either:  (1)  a  change  in  .refrac- 
tion due  to  changed  atmospheric  conditions  as  the 
Amu  Darya  shifted  its  course  toward  the  station  from 
its  original  channel  some  three  kilometers  away;  or 
(2)  a  movement  toward  the  approaching  river  of  the 
ground  on  which  the  observatory  stood.  This  move- 
ment of  the  ground  would  not  be  of  the  character 
implied  in  the  elastic-rebound  theory  of  earthquakes.^ 
The  original  station  was  on  the  south  bank,  so  a  move- 
ment of  this  sort  would  explain  the  rather  sudden  in- 
crease noted  in  1908  and  1909  and  furthermore  would 
affect  the  computed  reduction  from  the  new  position 
to  the  old  (there  was  no  period  of  simultaneous  ob- 
servation at  the  two  stations)  in  such  a  way  as  to  make 
the  latitudes  after  July,  1909,  as  reduced  to  the  old 
station,  always  too  large.  The  new  station  was 
established  on  the  north  side  of  the  main  channel,  but 
not  on  the  mainland,  if  the  map  given  in  Vol.  I  of  the 
Resultate  des  Internationalen  RreiteruUenstes  still  retains 
its  validity  for  this  particular  region  in  spite  of  the 
great  changes  near  the  old  station  further  down  stream. 
The  new  station  was  apparently  on  one  of  the  marshy 
islands  in  the  river.  The  possibility  of  a  still  further 
earth   movement   is   thus   indicated;    changes   in   the 

^The  immediate  vicinity  seems  to  be  quite  free  from  earthquakes, 
though  there  is  a  somewhat  disturbed  region  to  the  east.  See  F.  de 
Montessus  de  Ballore:  Les  tremblements  de  terre,  geographic 
seismologique,  p.  216-18. 


position  of  the  main  or  secondary  channels  might  also 
produce  changes  in  the  refraction.  For  the  last  few 
years  at  Tschardjui  the  rate  of  increase  is  about  600 
tabular  units,  or  several  times  as  large  as  the  large.st 
deduced  rate  of  increase  combined  with  the  largest 
"proper-motion"  of  the  ground  so  far  suggested  by 
any  one  for  Ukiah,  Mizusawa  or  Carloforte.  This 
seems  to  indicate  something  very  abnormal. 

For  these  reasons  and  because  of  the  large  probable 
error  in  the  latitudes  and  the  discordances  shown  in 
Tables  3A  and  3B,  it  seems  desirable  to  the  writer  to 
reject  Tschardjui  entirely.  In  passing  it  might  be 
noted  that  solution  la  agrees  well  with  Wanach's^ 
determination  of  the  motion  of  the  pole;  this  latter 
applies  to  the  same  years  and,  with  an  unimportant 
exception,  is,  like  solution  lb.  based  on  equal  weights 
for  all  stations. 

When  Tschardjui  is  rejected  the  question  of  weights 
loses  much  of  its  importance,  but  solutions  Ila  of 
Tables  3A  and  3B  and  the  solution  for  1912-1917  in 
Table  3C  are  in  such  good  agreement  with  one  another 
that  they  have  beeii  adopted  as  the  basis  for  a  definitive 
statement  regarding  the  motion  of  the  mean  pole  for 
the  years  1900-1917. 

The  larger  value  of  ii  in  Table  3C,  solution  for  1912- 
1917,  interpreted  in  terms  of  the  position  of  the  pole,  is 
seen  to  be  essentially  consistent,  when  the  period  cov- 
ered is  considered,  with  the  change  in  the  sign  of  u  in 
solution  Ila  of  Tables  3A  and  3B.  The  mean  North 
Pole  may  be  conceived  as  moving  with  a  velocity  of 
0".0062  annuallj',  the  resultant  motion  for  the  years 
1900-1911  being  along  the  meridian  of  91°  W.  From 
this  time  on  the  motion  becomes  a  little  more  rapid 
and  swings  a  little  more  to  the  east,  along  the  meridian 
of  63°  W.,  as  deduced  from  Table  3C,  so  that  the 
resultant  displacement  from  the  mean  position  of 
1900.0  is  in  the  direction  of  85°  W.  at  the  end  of  1914 
and  of  81°  W.  at  the  end  of  1917.  This  final  position 
agrees  essentially  with  that  deduced  from  the  result 
for  1900-1917  in  Table  3C;  the  coordinates  of  the 
mean  pole*  in  1918.0  referred  to  the  mean  pole  of 
1900.0  as  origin  would  thus  be  .r  =  +0".017,  y  = 
+  0".113  by  the  former  combination  of  solutions  and 
X  =  +0".014,  y  =  +0".118  by  Table  3C  for  1900- 
1917.  For  the  period  1900-1911  the  correction  to  the 
mean  proper-motion  of  the  stars  used  is  seen  to  be 
small,  namely,  0".0012,  these  years  being  based  on  the 
definitive  results  of  the  Resultate.  From  1912.0  on, 
the  correction  to  the  average  proper-motion  increases 

^B.  Wanach  in  Resultate  des  Internationalen  Breitendienstes,  Vol. 
V,  p.  219. 

•"These  x's  and  y's  aie  of  coiu-se  different  from  the  x  and  i/  pre- 
vious] v  used.  . 
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rapidly,  being  0".01i;0  from  Table  3(".  This  with  the 
small  correction  from  1900  to  1911  gives  about  the 
same  average  accumulated  correction  for  the  entire 
period  1900-1917  as  would  be  derived  from  Table  3C 
for  1900-1917. 

As  Prof.  Schlksingek  states,  the  argument  for  a 
polar  motion  rather  than  a  simple  correction  to  the 
proper-motion  (rather  larger  than  those  here  derived) 
derives  much  of  its  strength  from  the  rate  of  change  at 
Mizusawa.  Solutions  III,  however,  show  that  even 
with  Mizusawa  omitted  the  polar  motion  comes  out 
about  the  same  as  before,  although  the  new  solution  is 
much  weaker.  If  there  were  in  fact  no  displacement 
of  the  pole,  the  adjustment  should  bring  this  out  by 
making  u  and  v  nearly  zero,  when  Mizusawa  is  omitted. 
The  probable  errors  of  u  and  v  are  of  the  same  order  of 
magnitude  as  the  quantities  themselves,  but  it  is  note- 
worthy that  in  spite  of  the  weakness  of  the  determina- 
tion, the  actual  values  of  w  and  v  are  not  much  affected. 
The  probable  errors  in  these  adjustments  where  the 
number  of  equations  is  so  little  greater  than  the  num- 
ber of  unknowns  are  not  necessarily  particularly  sig- 
nificant. An  examination  shows,  however,  that  Cin- 
cinnati is  the  principal  contributor  to  the  probable 
error.  This  station  appears  to  be  affected  during  the 
earlier  years  by  some  error,  presumably  accidental, 
which  makes  its  rate  of  increase  from  1900  to  1911  less 
than  that  of  Gaithersburg  or  Ukiah.  In  the  longer 
period  1900  to  1914  this  error  has  less  effect,  as  is  seen 
by  the  decreased  residuals  and  probable  errors.  When 
1915  is  included  the  mean  annual  rate  from  1900  to 
1915  becomes  -|-99  tabular  units  and  it  looks  as  if  the 
discussion  of  a  still  longer  period  would  have  brought 
Cincinnati  into  substantial  agreement  with  its  neigh- 
bors. 

Ill 

The  consideration  of  the  relative  probabilities 
a  priori  of  a  progressive  displacement  of  the  pole  and 
of  a  "proper-motion"  of  the  ground  at  certain  observa- 
tories amounting  to  some  20  centimeters  or  more  a 
year  might  logicallj'  precede  the  examination  of  the 
observational  evidence  in  favor  of  one  or  the  other 
hypothesis.  The  two  hypotheses  are,  however,  so 
different  as  to  be  hardly  comparable  in  our  present 
ignorance  of  essential  data. 

The  idea  of  a  displacement  of  the  pole  may  have  lost 
favor  to  a  certain  extent  because  of  the  extravagances 
of  the  Reibisch-Simroth  "pendulation  theory"  of 
polar  motion,  with  its  hypothesis  of  large  periodic 
oscillations  of  the  pole  in  enormously  long  periods.  A 
certain  amount  of  secular  displacement  of  the  pole  is 


possible  enough,  if  only  there  be  granted  a  sufficient 
amount  of  uplift  or  subsidence  of  the  Earth's  crust  or 
other  rearrangements  of  the  matter  composing  the 
crust  or  the  interior.  The  difficulty  is  in  accepting  any 
such  rearrangements  on  a  scale  sufficient  to  make  the 
displacements  of  the  pole  play  any  controlling  part  in 
the  climatic  changes  recorded  in  geologic  history.' 

There  is  evidence  of  a  sort  that  a  shifting  of  the  pole 
of  the  same  general  character  as  is  here  deduced  may 
have  taken  place  during  the  nineteenth  century. 
Hall  and  Helmert*  give  data  showing  apparent  secu- 
lar decreases  in  European  latitudes  during  various 
periods  in  the  nineteenth  century.  As  a  counterpart 
to  these,  data  compiled  by  Schott'  show  apparent 
increases  at  stations  in  the  United  States  where  obser- 
vations were  repeated  after  a  lapse  of  time.  There 
are,  however,  so  many  sources  of  error  that  these 
results  should  be  accepted  with  considerable  caution, 
but  it  seems  very  improbable  that  such  consistency  in 
the  sign  of  the  changes  can  be  due  entirely  to  accidental 
error. 

As  evidence  on  the  other  side,  nameh',  that  the  dis- 
placement of  the  pole  now  under  consideration  may 
not  be  secular  or  progressive  in  character,  there  are 
the  following  mean  annual  latitudes  of  Ukiah  based  on 
dath  furnished  by  Dr.  H.  G.  van  de  Sande  Bak- 
HUYZEN,  Permanent  Secretary  of  the  ^e^luced  Geodetic 
Association,  to  whom  the  Ukiah  observations  were  sent. 
These  mean  latitudes  form,  therefore,  apart  from  a 
possible  uncertainty  in  the  treatment  of  the  declina- 
tions, a  continuation  of  Table  2. 

Calendar  Year  Seconds  of  Mean  Latitude,  Ukiah 

1918  12".222 

1919  12  .185 

1920  12  .138 

It  would  be  safer  to  defer  extended  discussion  of  these 
figures  until  corresponding  data  for  Mizusawa  and 
Carloforte  become  available,  but,  taken  at  their  face 
value,  they  appear  to  indicate  a  rapid  swinging  of  the 
North  Pole  away  from  the  American  continent. 

'See  G.  H.  Darwin:  On  the  Influence  of  Geological  Changes  on 
the  Earth's  Axis  of  Rotation.  Philosophical  Transaclions  of  the 
Royal  Society  oj  London,  Pt.  I,  Vol.  CLXVII,  p.  271  1877;  re- 
printed in  Scientific  Papers,  Vol.  Ill,  p.  1. 

J.  Barbell  :  The  Status  of  the  Hypothesis  of  Polar  Wanderings. 
Science,  Vol.  XL,  'p.  333,  1914. 

"A.  Hall:  American  Journal  of  Science  and  Arts,  \'ol.  XXIX,  p. 
223,  1885. 

F.  R.  Helmert:   Hokerc  Geoddsie,  Vol.  II,  p.  446. 

'C.  A.  Schott:  The  Transcontinental  Tdangulation,  (Spec. 
Pub.  No.  4,  U.  S.  Coast  and  Geodetic  Survey),  p.  734. 
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The  displacement  of  the  pole  toward  the  American 
continent  during  the  years  1900-1917,  if  we  accept 
that  explanation,  m.ay  have  been  mainly  periodic  in 
character  and  due  to  the  combination  of  several 
periodic  effects,  each  small  in  itself.  A  similar  com- 
bination capable  of  simulating  for  a  while  a  progressive 
displacement  may  not  recur  for  a  long  time.  If  the 
existence  of  such  periodic  terms  should  eventually  be 
established,  it  is  probable  that  the  periods  will  be 
identical  with  some  of  the  known  or  suspected  meteor- 
ological and  climatic  cycles. 

According  to  the  elastic-rebound  theory  of  earth- 
quakes there  occurs  first  a  slow  accumulation  of  stress 
in  the  Earth's  crust  with  a  corresponding  accumulation 
of  strain.  When  the  stress  gets  beyond  the  point  of 
rupture,  there  is  an  earthquake  as  the  strain  is  sud- 
denly relieved  and  the  strained  portion  of  the  crust  re- 
bounds to  or  beyond  its  original  unstrained  position. 

Almost  our  only  quantitative  knowledge  of  the 
amount  and  extent  of  the  slowly  accumulating  strain 
and  subsequent  rebound  comes  from  the  California 
earthquake'"  of  1906,  although  there  is  some  numerical 
evidence  to  the  same  general  effect  to  be  derived  from 
an  earthquake  which  occurred  in  Sumatra"  in  1892. 

There  is  qualitative  evidence  that  other  earthquakes 
resembled  these.  We  are  therefore  almost  obliged  to 
regard  the  California  earthquake  as  typical  of  earth- 
quakes of  the  stronger  sort,  but  there  is  no  strong  reason 
for  supposing  that  we  make  a  serious  error  in  so  doing. 

The  earthquake  of  1906  may  be  thought  of  as  con- 
sisting essentially  of  a  shear  along  an  old  fault  line,  the 
San  Andreas  fault,  which  has  been  traced  some  600 
miles  in  the  general  direction  of  the  coast  from  the 
Colorado  Desert  on  the  south  to  Humboldt  County  on 
the  north.  The  displacements  of  1906  seem,  however, 
not  to  have  affected  the  southern  part  of  the  fault  and 
to  have  been  greatest  along  Tomales  Bay  (north  of 
San  Francisco)  which  itself  follows  the  trace  of  the 
fault.  There  the  maximum  sudden  relative  displace- 
ment along  the  fault  at  the  time  of  the  quake  was 

'".I.  F.  H.\ypoRD  and  A.  L.  Baldwin:  The  Earth  Movements  in 
the  California  Earthquake  of  1906.  U.  S.  Const  and  Geodetic  Sur- 
vey Annnal  Report  for  1907,  Appendix  3. 

C.  R.  DuvALL.  and  A.  L.  Baldwin:  Triangulation  in  California, 
Part  II.  U.  S.  Coast  and  Geodetic  Survey  Annual  Report  for  1910. 
Appendix  5. 

H.  F.  Reid:  The  Elastic  Rebound  Theory  of  Earthquakes. 
University  of  California  Publications,  Bulletin  of  the  Department  of 
Geology,  Vol.  VI,  Xo.  19,  1911. 

A.  C.  Lawson  :  The  Mobility  of  the  Coast  Ranges  of  California, 
an  Exploitation  of  the  Elastic  Rebound  Theory.  University  of 
California  Publications,  Bulletin  of  the  Department  of  Geologj', 
Vol.' XII,  No.  7,  1921. 

I'H.  F.  Reid:  Sudden  Earth  Movements  in  Sumatra  in  1892. 
Bulletin  of  the  Seismolngicnl  Society  of  America,  Vol.  Ill,  p.  72,  1913. 


about  6  meters.  These  displacements  are  made  evi- 
dent by  the  offsetting  of  roads,  fences,  etc.,  that 
crossed  the  fault.  Similar  phenomena  have  been  noted 
as  a  result  of  earthquakes  elsewhere,  but  it  i^  only  in 
the  case  of  California  that,  from  surveys  made  both 
before  and  after  the  earthquake,  we  are  able  to  get  a 
good  idea  of  how  rapidly  these  displacements  diminish 
as  the  distance  from  the  fault  increases. 

Hayford  and  B.\ldwin  found  that  on  the  northeast 
or  continental  side  of  the  fault  no  displacement  was 
large  enough  to  be  detected  with  certainty  at  a  greater 
distance  than  7  kilometers  from  the  fault.  A  possible 
exception  is  Sonoma  mountain,  34  kilometers  from  the 
fault.  It  seems  more  logical,  however,  to  connect  the 
displacement  of  Sonoma  mountain  vnth  the  earth- 
quake of  1868,  which  appears  to  have  been  a  move- 
ment along  the  Haywards  fault,  a  fault  which  is 
approximately  parallel  to  the  San  Andreas  fault  in  the 
region  of  San  Francisco  Bay  but  across  the  bay  from  it. 

On  the  southwest  or  seaward  side  of  the  San  Andreas 
fault  the  displacements  of  1906  died  out  more  .slowlj' 
than  on  the  continental  side,  being  still  perceptible  at 
the  Farallon  lighthouse  some  37  kilometers  from  the 
fault.  The  displacement  of  this  point  is  fairly  well 
determined,  though  not  so  well  as  that  of  many  other 
points.  The  displacements  on  the  seaward  side  sug- 
gest also  that  the  small  strip  of  land  between  the  fault 
and  the  sea  had  moved  seaward  by  a  small  amount. 

This  sudden  release  of  strain  displacements  varying 
from  6  meters  down  to  zero  was  prepared  for  by  a 
gradual  creep  in  the  opposite  direction  extending  over 
many  years.  Prof.  Reid'-  estimates  this  time  as 
perhaps  100  years,  a  figure  which  he  finds  in  general 
agreement  with  earthquake  records  for  the  Straits  of 
Messina.  Such  a  length  of  time  would  indicate  rates 
of  creep  in  substantial  agreement  with  those  found  by 
Prof.  Lawson,  which  are  some  4  or  5  centimeters  a 
3-ear  for  points  only  a  few  kilometers  from  the  fault. 

This  rate  of  4  or  5  centimeters  a  year  is  to  be  con- 
trasted with  the  20  centimeters  or  more  a  year  required 
by  Prof.  Lawson's  interpretation  of  the  latitudes  at 
Ukiah  or  by  Prof.  Schlesinger's  interpretation  of 
the  latitudes  at  Mizusawa.  As  a  further  evidence  of 
the  rate  at  which  a  creep  of  the  surface  may  take 
place,  we  have  the  computations  of  Schmidt.'^  These 
show  a  secular  creep  of  the  crust  during  perhaps  75 
years  at  the  rate  of  something  like  one  or  two  centi- 

^'^Report  of  the  State  Earthquake  Investigation  Commission,  Vol.  II, 
p.  32. 

"M.  Schmidt:  Westwanderung  von  Dreieckspunkten  infolge 
neuzeitlicher  tektonischer  Eewegungen  im  bayerisehen  Alpenvor- 
land;  in  Sitzungsberichte  der  mathetnatisch-physikalischen  Klasse  der 
Bayerisehen  Akademie  der  Wissenschaflen  zu  Miinchen,  1920,  p.  297. 
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inoters  a  year.  The  region  (southern  Bavaria)  is  on 
the  edge  of  a  region  somewhat  affected  by  earthquakes, 
namely,  the  Alps,  as  shown  by  the  maps  of  Montessus 
de  Ballorc."  An  earthquake  takes  place  when  the 
rock  is  strained  to  the  point  of  rupture  and  with  the 
hypothetical  larger  rate  of  20  centimeters  or  more  a 
year  strong  earthquakes  would  occur  several  times  as 
frequently  as  they  would  with  smaller  rates  like  4  or  5 
centimeters. 

Another  element  of  difference  between  the  observed 
displacements  and  those  assumed  by  Prof.  Schles- 
INGER  and  Pkof.  L.\wson  is  the  distance  of  the  lati- 
tude stations  from  the  areas  of  disturbances.  Ukiah  is 
some  six  times  as  far  from  the  San  Andreas  fault  as  the 
farthest  post  whose  sudden  displacement  could  be 
proved.  Though  it  was  badly  shaken  at  the  time  of 
the  earthquake,  Ukiah  seems  to  have  suffered  no  change 
in  position  at  the  time,  so  far  as  shown  by  either  the 
astronomic  latitudes  or  the  results  of  the  triangulation. 
Mizusawa  is  described  as  being  subject  only  to  rela- 
tively light  earthquakes  which  come  in  general  from  a 
source  som(>  100  kilometers  away  toward  the  south- 
east. 

When  the  rates  of  surface  creep  required  by  the 
interpretations  of  Schlksinger  and  Lawson  are  com- 
pared with  the  only  rates  of  creep  whose  amount  may 
fairl}'  be  considered  as  established,  and  when  the  dis- 
tances to  which  the  creep  must  extend  are  compared 
with  the  much  smaller  distances  beyond  which  no 
creep  has  been  detected  by  a  survey,  it  is  seen  that  the 
application  of  the  clastic  theory  to  explain  the  rates  of 
change  of  latitude  at  Ukiah,  Mizusawa  or  Carloforte 
requires  an  extension  of  that  theory  considerably  be- 
yond the  established  facts.  It  should  be  said,  how- 
ever, that  the  elastic-rebound  theory  does  not  nec- 
essarily require  the  entire  movement  of  the  ground  to 
be  elastic.     There  might  conceivably  be  a  horizontal 

"F.  dE  Montessus  de  Ballore:  Les  treiiiblements  de  terre, 
g6o(£raphie  s^ismologique,  p.  282. 


displacement  unaccomjianicd  by  much  elastic  stress, 
except  near  the  fault  along  which  the  rebound  is  to 
occur. 

It  may  prove,  therefore,  that  large  creeps  of  20  centi- 
meters or  more  a  .year  exist.  Onc^  purpose  of  the 
international  latitude  stations  might  well  come  to  be  a 
study  of  just  such  questions.  But  it  seems  pertinent 
to  remark  that  if  destructive  earthquakes  are  caused 
by  creeps  of  4  or  5  centimeters  a  year  extending  over 
an  area  a  few  kilometers  wide,  then  creeps  of  several 
times  that  amount  extending  over  areas  many  times 
greater  might  be  expected  to  lead  to  earthquakes  more 
frequent  and  more  devastating  than  usually  occur. 

For  these  reasons  the  writer  prefers  to  reject  the 
hypothesis  of  large  Earth  movements  at  Mizusawa, 
Ukiah  or  Carloforte  as  the  dominating  cause  of  rates 
of  change  of  latitude  standing  out  from  those  deter- 
mined at  other  stations  and  to  explain  such  difference 
by  a  motion  of  the  pole  combined  with  a  cumulative 
correction  to  the  declinations,  an  hypothesis  which  fits 
the  observations  well,  except  those  of  the  later  years  at 
Tschardjui,  for  the  rejection  of  which  there  seem  to  be 
adequate  reasons.  The  adopted  rates  of  displacement 
of  the  pole  for  the  years  1900-1917  are  shown  by  the 
solutions  Ila  of  Tables  3A  and  3B  and  by  Table  3C, 
and  have  been  already  discussed.  The  cumulative 
correction  to  the  declination  (w)  seems  to  be  increas- 
ing with  the  time  and  no  one  correction  such  as  that 
derived  by  Prof.  Schlesinger  seems  to  be  applicable 
throughout.  The  change  appears  to  be  due  to  a 
change  in  star  program,  being  conspicuously  large 
chiefly  in  the  provisional  latitudes  of  the  Aslronomische 
Nachrichlen.  It  seems  desirable  that  the  individual 
declinations  and  proper-motions  used  in  the  indi- 
vidual results  should  be  revised  in  order  to  secure  a 
homogeneous  declination  system. 


U .  S.  Coast  and  Geodetic  Survey,  Department  of  Co?nmeTce, 
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MEASURES   OF   100   DOUBLE   STARS   MADE   WITH  THE   26-INCH   REFRACTOR 
OF  THE   LEANDER   McCORMICK   OBSERVATORY, 

By   CHAS.   p.   OLIVIER. 


The  present  paper  forms  a  continuation  of  the 
series  by  the  writer  which  have  appeared  from  time  to 
time  since  1906.  As  in  the  other  recent  papers  most 
of  the  stars  measured  are  among  those  discovered 
during  the  past  twenty  years.  Thus  the  present  list 
contains  48  Jonckheeee,  13  Aitken,  13  Olivier, 
8  EsPiN,  7  HussEY  and  11  miscellaneous  pairs,  the 
latter  being  m.ostly  binaries.  As  to  distance  21  are 
less  than  ]".0],  35  between  1".01  and  2".01,  32  be- 
tween 2".01  and  3".01,  and  12  wider  than  3".01. 
However  many  of  the  wider  ones  have  faint  com- 
panions, so  they  would  be  difficult  in  a  small  telescope. 

The  right  ascensions  and  declinations  of  the  stars 
are  for  1920.  When  po.ssible  both  designations  and 
coordinates  are  taken  from  Jonckheere's  "  Catalogue 
of  Double  Stars."  In  other  cases  Burnham's  "General 
Catalogue"  was  used.  When  from  the  former  the  cat- 
alogue number  is  in  brackets  [  ],  when  from  the 
latter  unbracketed.     The  magnitudes  are,  however,  in 
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all  cases  the  estimates  made  at  the  telescope  while 
measuring.  The  same  methods  of  observation,  mi- 
crometer, magnifjang  powers,  etc.,  have  been  used 
as  formerly.  Of  the  13  Olivier  doubles  measured, 
Ol.  86  to  93  inclusive  are  new  and  published  with 
complete  measures.  In  a  table  following  are  given 
the  new  doubles  Ol.  94  to  106  inclusive,  which  have 
not  as  3'et  been  measured  on  more  than  one  night. 

The  writer  desires  to  call  attention  to  his  measures 
of  70  Ophiuchi  from  parallax  plates,  which  appeared  in 
Part  2  of  Vol.  Ill,  Publications  of  the  Leander  McCor- 
mick  Observatory.  In  the  position  angles,  by  error, 
the  supplements  of  the  angles  were  published,  and 
hence  each  angle  should  be  subtracted  from  180°  to 
get  its  true  value. 


University  of  Virginia, 
192-2,  June  S. 
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21.702 
12.634 


30»     Decl.  +48°  50' 
82.2  1.11 

78.8.r  0.89 


80.5 


1.00 


J  225 

[190]     9.6  - 

-10.0 

J   1084 

[532]     9.2- 

-  10.8 

R.A.  1" 14 

''  08'     Decl. 

+  15 

°05' 

R.A.  3"  30' 

'  24"     Decl. 

+  17 

°27' 

16.955 

210.0 

2.81 

21.810 

133.9 

3.74 

21.902 

208.0 

2.77 

21.997 

133.5 

3.74 

19.428 

209.0 

2.79 

21.904 

133.7 

3.74 

J  930 
R.A.  3'>  16 
21.810 
21.997 

[506]     Am 
"  56==     Decl. 
121.0 
119.8 

0.0 

+  18 

°14' 
3.70 
3.47 

J   26 
R.A.  3"  31 
21.810 
21.989 
21.997 

[537]     Mn 

n.  46»     Decl 

146.7 

147.0 

145.2 

0.0 

+  15°  0' 
2.32 
2.59 
2.42 

21.904 

120.4 

3. .58 

21.932 

146.3 

2.44 

J   932 

[531]     9.5- 

-  10.7 

J  306 

I595J     9.2  - 

-9.4 

R.A.  3''30" 

'  08"     Decl. 

+  2V 

10' 

R.A.  3i'.53' 

09»     Decl. 

+  21 

=  44' 

21.810 

289.4 

4.52 

21.810 

87.5 

2.17 

21.997 

287.2 

4.63 

21.989 

85.9 

2.21 

21.904 

288.3 

4.58   ■ 

21.900 

86.7 

2.19 

(111) 
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Hr  1218     1(585]     Am  0.8 
R.A.  4'' 34"' 25"     Docl.  +15°  24' 
21.810  75.2  1.53 

21.it81>  74.0  1.61 


21.900  71.0 

No  motion  indicated. 


1.58 


J  323     1793!     7.5  —  9.0 
R..\.  5''  05'"  34"     Decl.  +10°  48' 
21.810  163.1  3.25 

21.915  162.4  3.37 


21.862 


162.8 


3.31 


.]   15     [802]     9  —  11.8 


R.A.  5''  07'"  40"     Dopj.  +8°  53' 
21.810  242.0  2.40 

21.915  241.2  2.63 


21.862 


241.6 


2.52 


■      J   1043     1808)     9.2  —  9.5 
R.A.  5''  08-"  38"     Dec!.  +18°  26' 
21.810  330.1  2.40 

21.898  329.4  2.42 


31.854 


329.8 


Oi.  87     9.7 


2.41 


9.8 


R.A.  5'' 8'"  40"     Dcfl.  -3°  40' 
21.940  299.8  2.00 

21.989  300.9  2.05 


21.964 


300.4 


2.02 


.J  48     [820]     Am  0.2 


R.A.  5''  11'"  34"     Doci.  +1°07' 
20.081  26.6  2.21 

21.940  29.6  2.29 


21.510 


28.1 


2.25 


.1    169     19«()1     9.1  —  9.7 
R.A.  5'' 28""  28"     Dccl.  +21°  23' 
21.849  240.8  3.36 

21.997  243.0  3.45 


21.923 


341.9 


3.40 


.J  248     1917]     Am  0.2 

R.A.  5''30'"27"     Decl.  +18°  36' 

21.849                   25.8  3.53 

22.093                   28.2  3.62 


21.971 


27.0 


3.58 


J    1046     19121     Am  0.0 
R.A.  5i'35'"23"     Decl.  +20°  30' 
21.849  1G0.7  2.^2 

22.093  105.8  2.94 


21.971 


106.2 


.1   6.56      11011 1     Am    1.0 
R.A.  5'' 48'"  40"     Decl.  +  14"  23' 
21.849  105.9  3.82 

22.093  106.2  3.97 


21.971 


106.0 


3.90 


,1    1116     11011!     8.5  —  8.7 

R.A.  5'' 49'"  30-     Decl.  +6°  24' 

21.810  268.0  2.23 

21.849  269.0  2.21 


21.830 


268.5 


9  92 


J  407     [1055!     7.8  —  8.9 

R.A.  .5'' 55'"  55"     Dec).  +9°  41' 

21.810  192.0  2.12 

21.849  193.1  1.95 


21.830 


192.0 


2.04 


J  333     [1067]     8.8  —  10.2 
R.A.  5''  57'"  43"     Decl.  +12°  10' 
21.810  295.7  2.37 

21.849  295.8  2.23 


21.830 


295.8 


2.30 


,1   309 

[1059!     9.5  - 

-  10.5 

R.A.  5" 

56'"  48"     Decl. 

+  10°  23' 

21.810 

81.7 

3.61 

21.849 

77.4 

3.63 

21.830 

79.6 

3.02 

Identity 

not  certain. 

.1   51 

]1077]     8.6 

-  i).() 

R..\.  5" 

59'"  02"     Decl 

.  +8°  12' 

21.810 

117.8 

1.44 

21.940 

119.0 

1.44 

21.875 

11S.4 
Sitins  359() 

1.44 

R.A.  6'' 41- 36"     Decl.  -16°  36' 
21.915  64.4  11.04 

21.940  64.9  10.96 


21.928 


64.6 


J  21 
R.A.  6"5: 
21.849 
21.997. 


]1165]     Ani  0.4 

55"     Decl.  +10°  38' 

272.9  3.02 

272.8  3.04 


21.423 


272.8 


3.03 


J  22     ]11711     Am  0.2 
R.A.  61'  58'"  35"     Decl.  +12°  41' 
21.849  330.8  1.54 

22.093  331.0  1.63 


21.971 


330.9 


1.58 


.1  366     [1562]     8.7  —  9.6 
R.A.   7''  19'"  34=     Decl.  +12°  14' 
21.810  138.4  1.98 

21.849  140.9  1.84 


21.830 


139.6 


1.91 


J   1257     [15fi9]     10.4 


10.5 


R.A.   7''20'"07"     Decl.  +12°  16' 
21.810  31.4  1.95 

22.093  27.2  1.93 


21.952 


29.3 


1.94 


A  1967     ]1602!     Am  2 

R.A.  7'-  26'"  57"     Decl.  - 1°  59' 

19.971  357.2  1.34 

20.108  356.2  1.42 


20.070 


356.7 


1.38 


Ol  79     9.8  —  10.6 

R.A.  7'-  27'"     Dccl.  -1°  59' 

20.081  204.2  2.08 

20.163  207.4  1.90 


20.122  205.8  1.99 

rolloninp,  A  1967. 

,1  731     [1625]     Am  0.4 

R.A.  7'' 32'"  46"     Dec!.  +3°  05' 

20.113  112.6  2.84 

21.915  113.1  2.64 


21.014 


112.8 


2.74 


,1  45     11642]     9.2  —  10.4 
R.A.  7''  37'"  lo»     Decl.  +9°  12' 
21.810  184.4  2.89 

21.849  185.5 


11.00    1    21.828 


1S5.0 


2.96 
2.92 
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A  2741 

[1651]     9.4 

—  9.5 

E  608     [2270]     Am 

0.5 

J 

440  [2335] 

R.A.  7"  38" 

24»     Docl. 

-13°  09' 

R.A.   13"  34" 

38'     Dec!. 

+48°  33' 

R.A.   14"  50 

"  22'     Dec!. 

+  0°  36' 

19.971 

219.1.C 

0.90 

21.223 

276.9 

2.87 

21.242 

218.6 

2.53 

20.168 

220.9 

1.04 

22.107 
21.665 

280.5 
278.7 

2.65 
2.76 

22.381 
21.812 

219.5 
219.0 

2.61 

20.070 

220.0 

0.97 

2..57 

.)  707     11663]     9.8- 

-10.1 

Possible  motion. 

E  12.52 

[2362]     Am  0.4 

R.A.  7'' 42" 

16'     Decl. 

+  11°  17' 

A   1794 

[2271]     Am  0.0 

R.A.   15"  15" 

06'     Decl. 

+46°  29' 

18.175 
20.168 

303.6 
300.8 

1.56 
1.72 

R.A.   13'>35" 

20.201 

21.264 

00'     Decl. 
27.1 
24.1 

+  12°  05' 
0.51 
0.57 

19.254 
20.110 
22.202 

16.9 
18.5 
14.5 

1.70 

19.172 

302.2 

1.64 

1.57 

20.522 

16.6 

1.64 

A  2570 

[2019]     ^m  0.0 

21.732 

25.6 

0.54 

R.A.   ]0'>21 

"  5P     Decl 

+  3°  20' 

Fixed. 

.1  444 

2384]     9  — 

10.0 

19.971 

318.9 

0.45 

R.A.   1.5"  .37 

"  44'     Decl. 

-0°  33' 

20.168 

318.9 

0.44 

A  2064 

[2286]     Am  l.S 

21.242 

317.6 

2.80 
2.74 

20.070 

318.9 

0.44 

R.A.   13"  59" 

36'     Decl. 

+  18°  03' 

22.381 

319.3 

^Motion  in  angle  indicat 

jd. 

20.201 

161.8 

1.48 

21.812 

318.4 

2.77 

21.264 

164.3 

1.36 

A  2572 

[2060]     9.1 

—  9.6 

20.732 

163.0 

1.42 

O:;  303 

7477     Am 

0.2 

R.A.   10M4 

™  42'     Decl 

+  1°50' 

R.A.   1.5"  .57" 

10'     Decl. 

+  13°  30' 

19.971 

116.3 

0.71 

E   1156 

[2291]     Am  0.1 

22.312 

156.1 

1.01 

20.168 

113.4 

0.63 

R.A.   14''  02" 

'  07'     Decl 

+45°  31' 
2.66 

22.351 

152.4 

0.88 

20.070 

114.8 

0.67 

21.223 

259.4 

22.332 

1.54.2 

0.94 

22.107 

257.8 

E  724 

[2118]     Am    1.4 

22.202 

256.9 

2.32 

2  2026 

7561     Am 

0.2 

R.A.  11^  50- 

■  04'     Decl. 

+  50"  59' 

21.844 

258.0 

2.49 

R.A.   16"  12 

"  01'     Decl. 

+  7°  35' 

21.223 

224.7 

2.64 

22.107 

229.0 

2.49 

A  2065 

[2295]     Ai 
'  31'     Dec!. 

n   1.3 

22.312 
22.351 
22.332 

63.6 
65.7 
64.6 

0.62 
0.65 
0.04 

21.665 

226.8 

2..56 

R.A.   14'' 04" 

+  17°  06' 

E  1248 

[2172]     Am  0.2 

20.201 

340.0 

1.79 

R.A.   12'' 07" 
21.223 

»  15-     Decl. 
71.2 

+  41°  47' 
1.93 

22.381 
22.392 

334.6 
341.7 

1.62 
1.61 

A15 
R.A.   16"  41'" 

7748     Am  0.2 
27'.     Decl.  +4.3°  37' 

22.107 

74.0 

1.81 

21.325 

338.8 

1.67 

22.312 

221.4 

0.41 

21.665 

72.6 

1.87 

A  2226 

[2322]     9.2 

—  9.2 

22.351 
22.332 

216.4 
218.9 

0.53 
0.47 

J  749 

[2252]     Am 

0.6 

R.A.   14''  28 

"  30'     Decl 

+3°  30' 

R.A.  13''  21" 

'  15^     Decl. 

+  15°  43' 

17.302 

296.2 

0.90 

1^  2114 

7837     Am  1 

20.201 

284.3 

2.57 

18.227 
19.227 

290.8 
289.6 

■    0.91 
0.78 

R.A.  16"  58 

"  08'     Decl. 

+  8°  33' 

21.264 

285.2 

2.35 

18.252 

292.2 

0.86 

22.312 

168.4 

1.19 

20.732 

284.8 

2.46 

22.351 

166.7 

1.18 

Fixed. 

22.332 

167.6 

1.18 

A  1611 

[2268]     Am  0.0 

R.A.   13''  32 

"  45'     Decl. 

+  7°  15' 

A  2071 

[23321     Am  0.8 

.1   1248 

[2498]     Am 

0.(j 

20.201 

137.7 

0.60 

R.A.   14'' 48 

™  43'     Dec! 

+  18°  17' 

R.A.   17"  19" 

18^     Decl. 

+  16°  32' 

21.242 

139.1 

0.71 

20.201 

266.4 

0.82 

21. .502 

204.8 

3.17 

20.722 

138.4 

0.66 

22.395 

264.9 

0.84 

22..381 

204.0 

3.02 

Fixed. 

21.298 

265.6 

0.83 

21.942 

204.4 

3.10 
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A  2183     12500]     Am  3=^ 
R.A.   17''  19'"  56'      Docl.  +16°59' 


21.. 502 
22.395 


127.7 
127.0 


1.01 
0.93 


21.948 


127.4 


0.97 


0  46     7J)5)1     Am  2± 
R.A.  17M9"'59'     Docl.  +13°  29' 


22.356 
22.395 


206.0 
206.3 


1.96 
1.87 


22.376 


206.2 


1.92 


Hr   179     8056     Am  0.1 
R.A.   17'' 27'"  55'     Docl.  +11"  16' 


22.356 
22.395 


51.4 
52.1 


2.05 
1.98 


22.376 


51.8 


2.02 


Ol  88     9.2  —  10.2 
R.A.   17''  32-     Dccl.  +13°  18' 


22.356 

281.7 

2.36 

22.381 

284.6 

2.61 

22.395 

288.4 

2.46 

22.377 


284.9 


2.48 


Hu  923     13385     Am  0.0 
R.A.   ni-  32"-  2P     Decl.  +49°  16' 


E  1257  A-B     [25271     9.4  —  9.6 
R.A.    17'' 35'"  56'     Dccl.  +45°  02' 


20.201 
21.242 


295.1 
295.1 


2.70 


20.722  295.1  2.64 

Cliaiiso  of  34°  ill  7  years. 

Hr   12S4     12536] 
R.A.    17'' 39'"  .^n-      Dccl.  +12°  .59' 


19.260 
20.571 


72.9 

67.8 


0.97 
1.03 


19.916 


70.4 


l.CO 


Ol  89     9.5  —  10 
R.A.    17''  47'"  34'     Dccl.  +54°  13' 


20.201 
22.395 


172.0 
168.2 


0.8  ± 
0.71 


21.298 


170.1 


0.71 


J  94     [2598]     Am  0.2 
R.A.   18'' 03'"  06'     Dccl.  +13°  57' 


21.540 
22.351 
22.356 


311.4 
311.5 
310.9 


3.49 
3.15 
3.23 


22.082 


311.3 


3.29 


0  1121     8086     Am  0.4 
R.A.    17'' 33'"  43'     Dccl.  +12°  34' 


22.356 
22.395 


231.8 
231.3 


0..58 
0.64 


22.376 


231.6 


0.61 


Ol   18     Am  0.4 
R.A.   18''  12"' 25'     Dccl.  -35°  12' 


14.458 
22.395 

102.4 
98.9 

0.90 
0.93 

19.500                  119.2 
21.242                  120.3 

1.90 
1.73 

18.426 

100.6 

0.92 

20.371                  119.8 
Api)arcntly  fixed. 

1.82 

J  95     ]2637]     Am  0.3 
R.A.    IS''  24'"  03'     Dccl.  +7°  06' 


E  636     [25231     9.2  —  10 
R.A.    17''34'"05»     Decl.  +41°  46' 


20.201 

124.2 

1.94 

21.242 

126.7 

2.01 

22.395 

126.8 

1.80 

21.279 


125.9 


1.92 


21.540 

123.3                  2.13 

21.557 

123.9                  2.00 

21.548 

123.6                  2.06 

I   1149     [2644] 

R.A.   IS' 

27'"  42'     Dccl.  +7°  28' 

21.540 

200.0                  2.51 

21. .557 

199.9        •        2.63 

21.548 

200.0                  2.57 

J  463     [2651]     Am  0.1 
R.A.   18''  30'"  0'     Decl.  +22°  57' 


21.540 

219.7 

1.56 

22.351 

219.7 

1.43 

22.356 

224.2 

1.43 

22.084 

221.2 

1.47 

,1   7( 

11 

[2662]  9.5- 

-11 

R.A.   IS'' 

33 

'31'     Decl. 

+  19°  06' 

21.502 

74.4 

2.27 

22.351 

70.9 

2.34 

21.926 

72.6 

2.30 

Ol 

14     9.4  —  9. 

7 

R.A.  18' 

34 

"  14»     Dccl. 

+  39°  07' 

22.312 

338.1 

0.89 

22.351 

338.5 

1.14 

22.332 

338.3 

1.02 

J 

1212     [26661 

R.A.   18 

'"3^ 

"'51^     Decl 

+  8°  17' 

21.502 

204.9 

1.81 

21.546 

204.6 

1.95 

21.524 

204.8 

1.88 

Ol  1 

5     B.D.  +40°,  3437 

R.A.   IS' 

35 

'"  07'     Dccl. 

+  40°  10' 

22.312  23.9  1.67 

22.351  24.3  1.74 


22.332 


24.1 


J   1260     [26681 
R.A.   IS*-  35'"  16'     Dccl. 

21.502  30.3 

21.540  29.5 


1.70 


■10°  23' 

1.58 
1.81 


21.. 524 


29.9 


1.70 


J   1213     [2677] 

R.A.   IS'' 35"' 50=     Dccl.  +8°  22'  • 

21. .557  130.2  1.87 

22.351  132.9.T  1.72 


21.954 


131.6 


l.SO 


A  2262     [2701]     Am  0.4 
R.A.   18''41"'32'     Dccl.  +r37' 


21.540 
21.557 
21.548 


348.2 
352.3 
350.2 


1.07 
1.13 
1.10 
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J  808     [27151     Am  0.2 
R.A.   18''4o"'  13'     Dccl.  +7°26' 

21.546  351.0  1.34 

21.557  354.6  L41 


21.552 


352.8 


1.38 


2  2402     8844 
R.A.   18''45'"58»     Dccl.  +10°  35' 


22.312 
22.395 


25.8 
29.9 


1.05 
1.07 


22.354 


27.8 


1.06 


Ol  90     10.2  —  10.8 
R.A.   18'' 58"  34'     Dccl.  +10°  14' 


20.571 
20.590 


88.7 
85.0 


1.21 
1.18 


20.580 


86.8 


1.20 


J  812     [2801]     9.4  —  9.8 
R.A.   19'"  04"  OV     Dccl.  +9°  20' 


17.715 

121.1 

1.94 

21.557 

122.1 

2.35 

21.702 

120.9 

2.31 

20.325 


121.4 


2.20 


Ol  91     10.2  —  10.5 
R.A.   19'' 05"' 12'     Dccl.  +12°  56' 


20.571 
20.590 


2.2 

2.4 


0.70 
0.70 


20.580 


2.3 


0.70 


Hu  334     9104     8.8—12 
R.A.   19'' 08-"  18'     Dccl.  +18°  01' 


19.500 
20.571 


245.6 
243.5 


1.44 
1.47 


20.036  244.6  1.46 

No  motion  indicated  in  19  years. 

J   1305     [2887]     Am  0.8 
R.A.   19'- 21'"  24«     Dccl.  +13°  36' 


21.546 
21.557 


164.9 
166.2 


1.52 
1.51 


21.552 


165.6 


1.52 


J   1306     [2889] 
R.A.   19'' 21'"  57'     Dccl.  +13°  39' 


17.715 
20.590 
21.546 


294.5 
289.3 
290.2 


2.07 
2.21 
2.29 


19.950 


291.3 


2.19 


Ol  82     9.8  —  12 
R.A.   19'' 27-"  36'     Decl.  +18°  07' 


19.500 
20.571 


242.5 
242.4 


1.22 
L20 


20.036 


242.4 


1.21 


Ol  92     9.9  —  12 
R.A.  19'' 38"'     Decl.  +12°  56' 


20.571 
20.590 


176.8 
175.6 


2.62 
2.42 


20.580 


176.2 


2.52 


Ol  93     9.8  —  11.2 
R.A.   19'' 51-"  28'     Decl.  +11°  41' 


21.702 
21.726 


158.3 
161.5 


1.52 
1.47 


21.714 


159.9 


1.50 


J   149     (2937)     9.8—11.0 
R.A.  19'' 29"' 56'     Decl.  +18°  03' 


17.781 
19.500 
20.571 


121.0 
120.5 
119.8 


1.89 
1.99 


19.284 


120.4 


1.94 


A  722     13513     8.8  —  8.9 

R.A.  20'' 08'"  04'     Decl.  +11°  52' 


19.500 
20.590 
21.702 
22.395 


164.9 
165.0 
164.5 
164.2 


2.42 
2.41 
2.29 
2.14 


21.047 


164.6 


2.32 


J  604     [3204] 

R.A.  20''  II'"  18'     Decl. 

+  11°  28' 

19.500                  229.2 

0.59 

20.571                  226.2 

0.47 

20.036                 227.7 

0.53 

2  2673     10160     8  —  9 
R.A.  20'' 18"' 59'     Decl.  +13°  04' 
20.678  328.3  2.54 

21.557  329.5  2.46 


21.118 


328.9 


Hu  1198     13527 


2.50 


R.A.  20''  20-"  38'     Decl.  +12°  45' 
20.678  34.7  0.52 

21.546 


30.2 


0.58 


21.112 


32.4 


0.55 


J  502     [3299]     9.2—10.1 
R.A.  20'- 27'"  20'     Dccl.  +12°  31' 
20.678  143.1  2.03 

21.546  142.2  2.10 


21.112 


142.6 


2.06 


J  1     [3317] 

R.A.  20''  29"  05'     Decl.  +11°  28' 

19.500                   38.5  1.58 

20.571                   38.7  1.62 


20.036 


38.6 


1.60 


Fox  37     [3322]     Am  0.3 
R.A.  20''  30"'  14'     Dccl.  +13°  09' 
19.500  56.6  1.31 

20.590  54.6  1.36 


20.045 


55.6 


1.34 


J  194     [3396] 
R.A.  20''  45"  32'     Decl.  +11°  07' 
21.702  209.5  0.67 

21.718  211.9  0.83 


21.710  210.7  0.75 

Possible  motion. 

7  Eqiiulei  10782 
R.A.  21''  06"  26'     Decl.  +9°  49' 
19.500  271.2  2.30 

20.590  272.4  2.25 


20.045 


271.8 


2.28 


J  851     [3516]     Am  0.1 
R.A.  21''  18"  54'     Decl.  +15°  13' 
21.566  142.1  1.53 

21.718  142.5  1.24 


21.642 


142.3 


1.38 


116 


THE     ASTRONOMICAL    JOURNAL 


N°-  805 


Star 

R.  A. 

Decl. 

P.  A. 

A 

Magii. 

Found 

h     m      s 

o         ; 

o 

„ 

Oi.     94 

5    4  13 

-   3  36 

263 

2.2 

10      —  12 

21.940 

95 

5  11  04 

+    1  03 

202 

0.8 

9.2—    9.5 

21.940 

96 

6  25  07 

+  21  07 

65 

4.7 

9.2  —  10 

21.849  B.D.  +21,1259 

97 

7  35  24 

-10  12 

229 

2.1 

9.8  —  12 

20.168  Pre.  A2683 

98 

14  20  17 

+   1    0 

330 

2.2 

10     —  12 

21.242 

99 

IG  51 

-17  53 

128 

2.6 

9     —  13.5 

21.264 

100 

17  09 

—  1 7  55 

187 

3.3 

9.5  —  12 

21.264 

101 

17  21 

+   2  24 

314 

3.4 

10     —  10.6 

20.483  Pre.  A2243 

102 

17  47 

-20  43 

276 

3. 

10     —  12 

21.264 

103 

18  03 

-27  40 

271 

1.4 

9.5—  11 

21.242 

104 

18  14 

-18  06 

213 

3. 

9.5  —  10.5 

21.264 

105 

18  48 

+  15    0 

146 

2.7 

10.8  —  11.8 

21.726 

lOG 

19  43  11 

+  14  58 

215 

3.2 

10     —  10.5 

21.726 

PHOTOGRAPHIC  DETERIMINATIONS  OF  THE  PARALLAXES  OF  60  STARS 
WITH  THE  THAW  REFRACTOR, 


By   KEIVIX    BURNS. 


The  mean  number  of  plates  ussed  in  these  determina- 
tions is  19.0,  and  the  mean  number  of  comparison  stars 
is  3.9.  The  m.ean  probable  error  is  ".0069.  Eight 
plates,  more  or  less  defective,  were  rejected  after 
measurement.  In  three  regions  half  the  plates  were 
measured  by  former  members  of  the  staff. 

The  column  headed  "A.  O.  a"  gives  the  proper- 
motion  of  the  parallax  star  in  right  ascension  relative 
to  the  comparison  stars.  The  preceding  column  gives 
the  absolute  motion  in  right  ascension  as  measured  by 
Boss  or  PoRTKR.  The  column  headed  "P.  E."  gives 
first  the  probable  error  of  the  parallax,  then  the  prob- 
able error  of  weight  unity,  both  expressed  in  thous- 


andths of  a  second  of  arc.  The  last  column  gives  the 
sector  opening  in  per  -cent,  an  opening  of  1.00  per 
cent  indicates  a  reduction  of  about  five  magnitudes. 
The  very  narrow  sectors,  0.06  and  0.03,  appear  to  re- 
duce about  8  and  8.5  magnitudes  respectively. 

We  are  again  indebted  to  Director  Shapley  and  the 
staff  of  Harvard  College  Observatory,  to  Professor 
Porter  and  to  Professor  Boss  for  data  concerning 
magnitude,  spectral  class  and  proper-motion.  The 
computing  was  done  by  Miss  Bertha  Grier. 

The  numbers  are  in  continuation  of  earlier  series. 
The  work  will  appear  in  detail  in  Publications  of  the 
Allegheny  Observatory. 


No. 

Name 

a  (1900) 

5  (1900) 

DM.  No. 

Vi.s.  Mag. 

Class 

Proper-Motion 

Relative 
and 

Parallax 
P.  E. 

Sector 
% 

Catalog 

A. 

0.  a 

Total 

a 

h       m 

o          / 

o 

, 

„ 

„ 

„ 

533 

9  CassiopeifF  . 

1   05.0 

+54  37 

+  54    236 

4.5 

A  5 

0.231 

+0.230 

+  0.220 

+  .003 

±   6;  22 

0.3 

534 

33  Arietis  ... 

2  34.8 

+  26  38 

+  26    443 

5.4 

A2 

81 

+      73 

+ 

69 

- 

7 

6;  22 

1.5 

535 

p  Tauri 

4  28.2 

+  14  38 

+  14    720 

4.8 

A5 

.106 

.103 

+ 

.113 

+ 

20 

6;  20 

0.25 

536 

Lai.  10262  .  . 

5  23.2 

+  12  28 

+  12    801 

6.8 

F8 

.241 

+   .111 

+ 

88 

+ 

36 

6;  23 

3.0 

537 

Groom.  1216 

6  38.2 

+44  20 

+44  1528 

7.8 

GO 

.253 

+   .166 

+ 

.144 

+ 

11 

4:  15 

5.0 

538 

Kadclf.  1805 

6  39.9 

+  55  49 

6.3 

.128 

+       67 

+ 

()() 

+ 

28 

7;  23 

3.0 

539 

fiaddf.  1806 
Mean,  2  958 

6  39.9 

+55  49 

+55  1122 

6.3 

F5 

.128 

+       67 

+ 

68 

+ 

+ 

27 

28 

8;  27 

3.0 

540 

Lnl.  16469    .  . 

8  19.5 

-   0  49 

-   0  1987 

6.8 

GO 

.230 

+      81 

+ 

.106 

+ 

38 

6;  20 

10.0 

541 

2  1311 

9  01.7 

+  23  23 

7.1 

— 

.155 

+ 

3 

7;  23 

6.0 
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No. 


Name 


a  (1900) 


S  (1900) 


DM.  No. 


Vis.  Mag. 
Class 

Proper- Mo 

ion 

Catalog 

A.  0.  a 

Total 

a 

6.7 

0.159 

-0.159 

-0.145 

6.3  F5 

4.5  K5 

53 

-   20 

—    5 

5.3  A2 

.192 

+   17 

+   27 

3.7  KO 

26 

-   20 

-   12 

4.1  Ma 

43 

-   37 

-   41 

4.2  Ma 

186 

-   15 

3 

7.0 

+  .109 

6.8  AO 

-   23 

6.2  F8 

.164 

-  .161 

-  .123 

7.8  F5 

+   71 

6.0  F5 

.384 

-  .369 

-  .338 

7.0  F8 

.389 

+  .139 

+  .134 

7.9  G5 

.249 

-  .192 

-  .174 

4.8  FS 

77 

-   72 

-   73 

4.3  B9p 

30 

-   18 

-   21. 

6.9 

+  .217 

6.7 

+  .181 

6.8  KO 

.459 

+  .171 

2.9  05 

62 

-   15 

-   13 

9.2  K5p 

1.234 

-  .858 

-  .819 

5.4  A5 

25 

-   15 

-   19 

var  KO 

41 

-   40 

-   47 

8.3  KO 

.22- 

+   52 

+   62 

8.0  Go 

.289 

-   96 

-  .114 

2.1  A5 

.264 

+  .121 

+  .170 

8.4  KO 

.324 

-   99 

-  .117 

7.6  G5 

.246 

-   71 

-   67 

6.7  F5 

.290 

-   78 

-   33 

6.2  F5 

.134 

+   57 

+   59 

5.8  F5 

.124 

+   50 

+   52 

5.0  F5 

.351 

+  .350 

+  .356 

8.2  K5 

.252 

+  .142 

+  .178 

7.2  F5 

2 

5.2  GO 

.239 

+  .177 

+  .154 

5.0  F 

.125 

+  .124 

+  .176 

6.8 

.629 

-  .167 

-  .184 

6.6 

.651 

-  .184 

-  .209 

K 

Relative  Parallax 
and  P.  E. 


Sector 

% 


542 

543 
544 
545 

546 

547 
548 
549 
550 

551 
552 
553 
554 
555 

556 
557 

558 

559 

560 
561 
562 
563 
564 

565 
566 
567 
568 
569 

570 

571 
572 
573 

574 
575 
576 
577 


2  1311    .. . 
Mean 

X  Lronis  .  . 
g22  Le(ynis 

V  I'r.'^a'  Mrr 

X  Draconis 

V  Vircjinis . 
Z  1678*. .  . 

1  1678*. .  . 

2  1788  . . . 


^  1270.  .  . 
i3  1085.  .  . 
Wi  583  .  . 
L  Bo  2294 

$-  Scorpii 

(p  Herculis .  . 
49  Serpentis 
49  Serpentis 
Mean,  2  202 
rj  Draconis  . 


Wi  906  .  . . . 
c  Herculis  . 
Groom.  2433. 
Lai  32025  . 
Lai.  31842   . 


a  Ophinchi 
Lai.  32769 
Lai.  32664 
Lai.  33193 

40  Draconis 

41  Draconis  . 
Mean,  2  2308 
36  Draconis  . 
Lai.  34175   .. 

/3  971 

/3  648 

17  Lyra' 

Grooin.  2789 
Dorpai  2258    ' 
Moan,  2  2486 


h   m 

o    / 

9  01.7 

+  23  23 

9  26.0 

+  23  25 

9  46.2 

+  24  52 

11  13.1 

+  33  38 

11  25.5 

+  69  53 

11  40.7 

+  7  05 

12  40.4 

+  14  55 

12  40.4 

+  14  55 

13  49.7 

-  7  34 

13  58.7 

+  8  58 

14  53.7 

-  4  35 

15  33.2 

+  10  35 

15  43.1 

+  1  53 

15  58.9 

- 1 1  06 

16  05.6 

+45  12 

16  08.6 

+  13  48 

16  08.6 

+  13  48 

16  22.6 

+  61  44 

16  50.1 

-  8  09 

17  04.5 

+  36  04 

17  15.3 

+  60  47 

17  23.0 

+73  06 

17  23.6 

+  26  52 

17  30.3 

+  12  38 

17  43.0 

+  72  27 

17  47.6 

-  7  53 

18  00.0 

+  30  23 

18  07.5 

+  79  59 

18  07.6 

+  79  .59 

18  13.3 

+  64  22 

18  24.7 

-  1  53 

18  44.9 

+49  20 

18  53.3 

+32  46 

19  03.6 

+  32  21 

19  09.5 

+  49  40 

19  09.5 

+49  40 

+  23  2048 


+  23  2107 


+  25  2169 

+  .33  2098 

+  70  665 

+  7  2479 

+  15  2503 

+  15  2504 

-  7  3728 

+  9  2842 

-  4  3783 

+  10  2886 

+  2  3001 

- 10  4237 

+45  2376 

+  13  3091 

+  61  1591 

-  8  4352 

+  36  2827 

+  60  1743 

+  73  767 

+26  3023 

+  12  3252 

-f72  803 

-  7  4517 

+  30  3113 

+  79  570 

+  79  571 

+  64  1252 

-  1  3500 

+  49  2871 

+32  3267 

+32  3326 

+49  2959 

-.012 
-  6 
+  14 
+  34 
+      3 


+ 


+ 


23 
3 

11 
0 

17 


+  13 

+  6 

+  11 

+  31 

+  41 

+  8 

+  34 

+  48 

+  41 

+  48 

+  .162 

+  10 

_  2 

+  20 

+  25 

+  .39 

+  26 

+  11 

+  22 

+  18 

+  6 

+  12 

+  37 

+  56 

+  18 


+ 


5;j 
4 

+  39 
+  35 
+    37 


±6;19 
5;  — 
5;  20 
6;  24 
9;  29 

8;  24 
10;  23 

8;  24 
10;  31 

7;  19 

7;  24 
5;  17 
5;  16 
8;  24 
5;  16 

6;  20 
6;  18 
6;  17 

4;  — 
5;  18 

9;  27 
8;  26 
5;  17 
8;  25 

8;  25 


7;  22 
5;  — 

8;  25 
7;  19 
6;  18 

7:24 
6;  18 
4;  13 
6;  19 
3;  — 


6.0 

0.8 
0.5 
0.35 

0.6 
0.5 
6.0 
6.0 
2.0 

10.0 
1.2 
2.5 
3.5 
4.0 

0.5 
4.0 
4.0 

0.06 

35.0 
0.4 
2.0 

10.0 
5.0 

0.03 

6.0 

5.5 

2.5 

2.0 

2.0 

1.0 

10.0 

4.0 

4.0 
1.2 
3.0 
3.0 


■'The  components  of  Z  1678  appear  to  be  unrelated. 
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No. 


Name 


a  (1900) 

h  m 

19  24.5 

10  24.8 

19  80.9 

19  59.(5 

20  05.5 

20  15.9 

20  15.9 

20  19.9 

20  38.2 

21  00.5 

21  23.3 

21  28.4 

21  28.4 

23  08.5 

23  15.0 

8  (1900) 


DM.  No. 


Vis.  Mag. 
Chiss 


Proper-Motion 


Catalog 


Total 


Relative   Parai 
ami    P.  K. 


578 
579 
580 
581 
582 

583 
584 

585 
586 

587 
588 
589 
590 


591 
592 


a  6  Vulpecuhv 
8  Vulpecidce . 

P/  183 

15  SagitUv .  .  . 
e  SagittiF .... 

:;  2671 

1-  267 1 

Mean 

39  Cygni .  .  .  . 
Groom.  3263 

4  Equulei  . .  . 

Pegasi  29  . .  . 
Pegasi  29  . .  . 
Mean,  1'  2804 

Brml.  3077  .  . 
Hmd.  3094  .  . 


+  24  28 
+24  33 
-  0  07 
+  16  48 
+  20  37 

+  55  05 
+  55  05 

+31  52 
+  60  09 

+  5  34 
+48  24 
+20  16 
+20  16 


+  56  37 

+  47  50 


+  24  3759 
+  24  3761 
-  0  3788 
+  16  4121 
+  20  4453 


+  54  2329 
+  31  4062 
+  59  2272 

+  5  4697 
+48  3390 


+  20  4955 

+  56  2966 
+  47  4114 


4.6  Ma 
6.0  (!5 
7.9  (!5 
5.9  G 
6.3  F 

7.5 
6.0 

5.7  A 
4.6  K 

6.0  F 

6.0  F5 

5.3  A 
8.0 
7.5 

7.1  F5 

5.6  K 

6.4  K 


0.165 

9 

.376 

.576 

.112 


21 


45 
.185 


.169 

78 


2.103 
.208 


-0.123 

-  7 

-  15 

-  .401 

+       59 


4 


-   .100 

+       72 


+2.083 
+  .206 


-0.133 

+  5 

-  23 

-  .409 

+  76 

-  35 

-  18 


+  .014 
+  2 
-  5 
+  69 
+    40 


7;  18 
6;  17 

8;  22 
8;21 
6;  19 


+    25  9; 23 

-4  7; 20 

+      7  6;  — 

+8  7; 20 

+    13  6;  17 


-  92 

+  73 

+  1 

+  1 


+  2.070 
+  .193 


+ 


8;  24 
±  0  7; 23 
+5  8; 20 
+  18  8; 20 
+    12        6;  — 


+.13: 


6;  19 
7;  22 


1.8 
1.8 
10.0 
4.0 
5.0 

1.5 
1.5 

2.0 
1.5 

5.0 
2.2 
8.0 
8.0 


3.0 
10.0 


Allegheny  Obcsrvatory,  June  14,  1932. 


ELEMENTS   OF   (944),    1920   HZ, 

By   frank   E.   SEAGRAVE. 


The  following  elements  are  l)a.sc(l  upon  three  normal 
places  from  ten  observations,  Dee.  1,  1920  to  Mar.  3, 
1921,  at  Algiers.  In  eccentricity  the  orbit  resembles 
that  of  a  comet.  When  at  perihelion  (r  =  1.9835)  it 
is  only  0.4  unit  beyond  Mars,  while  at  aphelion 
(r  =  9.4377)  it  is  nearly  as  far  out  as  Saturn. 


Elemknts 
Epoch  1921,  June  12.3498  G.M.T. 


.1/  355  59  48.97 

oj  56  29  17.79 

w  77  48  18.56 

Q  21    19  0.77 

I  43     5  15.28 


Log  e  8.814601 

Log  a  0.756535 

Log  q  0.297445 

Log  aphelion  0.974686 
M  2()0".138 

Period  4981 ''.963 


Constants 


.r  =  /•(9.986178)  sin  (105°  54'  24". 14  +  u) 
ij  =  /■(9.685884)  sin  (  43  25  34  .27  +  u) 
z  =  (■(9.958566)  sin  (     9      9  22   .79  +  u) 


Comparison  with  an  observation  made  at  Yerkcs 
Observatory,  1922,  Jan.  28.8784  G.  M.  T.,  gives  for 
0—C,Aa   =   +P..56,  A6  =    -1'46".06. 
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THE   PARALLAXES   OF   SEVENTY-TWO   STARS, 

By  JOHN  A.  MILLER  and  JOHN  H.  PITMAN. 
With  the  Cooperation  of  Carohne  H.  Smedley  and  Margaret  E.  Powell. 


The  parallaxes  of  the  following  stars  were  determined 
b}^  the  methods  described  in  Sproul  Observatory  Pub- 
lications Nos.  4  and  5.  Each  of  the  above  shared  in 
securing  the  necessary  photographs  and  in  the  meas- 
urement of  them.  The  computations  were  performed 
by  Miss  Smedley  and  Miss  Powell. 


The  average  number  of  plates  used  in  each  region  is 
13  and  the  average  probable  error  of  a  parallax  is 
0".0087.  The  details  of  the  determinations  of  the 
parallaxes  of  fifty  of  these  stars  will  appear  in  8proul 
Observatory  Publication  No.  6. 


No. 


B.D.  Number 


Name 


R.  A. 

(1900) 


Declination 
(1900) 


Magnitude 


Spect. 


Relative  Parallax 


No. 

of 

Plates 


Coordi- 
nates 


-1-32.101 
-hl8.122 
-I-G8.64 
-1-63.137 
-h20.306 
-h  70. 153 
-1-33.395 
-f  29.393 
-1-48.746 
4-45.669 
-h  20.484 
+  5.435 


-f  8.482 

-f- 23.473 

-h41.750 

-1-23.520 

-1-23.523 

-t- 23.526 

-1-23.531 

-1-31.737 

-f31.738 

-M3.728 

-1-29.1009 

-1-30.1238 

-1-59.1028 


X  Andromedce 

OZ  20  =  66  Piscium . 

A.G.  Hels.  914 

(3  Arietis 

j3  513  =  48  Cassio-peice 

5  Trinngidi 

^961 

e  Persei  =  2  296 

A  1281 

6  Arietis  =  2  333 

ir  2'>  927 

Anonymous   

IF  3^,  113 

Anonymous 

7  Tauri  =  2  412 

Lai.  6888 

(S  443)    

Lai.  6889 

/3  536 

02  77  ^5 

02  77  C 

/J  552 

/3  560 

RT  Auriijw 

2  963  =  14  Lyncis  .  . . 


0  31.5 
49.3 
54.9 

1  0.4 
49.1 
53.8 

2  10.9 
14.3 
37.4 
44.9 
53.5 
55.2 

3  8.6 
9.4 

27.7 
28.5 

40.1 


40.3 
40.5 
40.7 
41.3 

4  9.6 
9.6 

46.2 

5  42.9 

6  22.1 
44.3 


-1-33  10 
-1-18  39 
-f68  49 
H-63  24 
-1-20  19 
-1-70  25 
4-33  46 
4-29  21 
4-48  48 
4-45  34 
4-20  56 
4-  5  36 
4-  0  17 
4-8  37 
4-24  10 
4-24    8 

4-41  12 

4-23  53 
4-23  57 
4-23  48 
4-23  49 
4-31  27 
+31  27 
4-13  29 
4-29  42 
4-30  33 
4-59  34 


4.44 

5.76 

6.67 

8.5 

2.72 

4.61 

5.07 

8.5 

4.22 

9.2 

5.25-5.55 

8.2 
10. 

7.7 
10. 

5.92 

8.6 

9.2 

8.2 

6.96 

9.5 

8.7 

7.40 

9.0 

6.70 

7.76 

6.0(var.) 

5.44 


B3 
AO 
B9 
K6 
A5 
A3 
GO 

r5 

F8 
G5 
A2 
G5 

KO 

A2 
K 


A3 
AO 

F8 
GO 
F8 
F8 
F5 
A5 
GO 
F 


-0.008: 
4-  .009 

-  .006 
4-  .083 
4-  .037 
4-  .031 
+  .089 
4-  .017 
4-  .073' 
4-  .048 
4-  .013 

-  .011 
4-  .066 
+  .042 
4-  .017 
4-  .006 
4-   .059 

4-  .059 
4-  .004 
4-  .030 
4-  .013 
4-  .017 

-  .009 
4-  .034 
4-  .019 
4-  .024 
4-   .025 

.000 


=  0.004 
.008 
.004 
.005 
.006 
.006 
.005 
.006 
.009 
.010 
.006 
.008 
.015 
.011 
.008 
.011 
.007 

.005 
.005 
.004 
.006 
.008 
.006 
.008 
.006 
.011 
.004 
.006 


13 
14 
16 
14 
15 
16 
10 
13 
12 
12 
13 
13 
12 
13 
11 
11 
11 

11 
14 
13 
14 
13 
13 
13 
12 
12 
13 
12 


R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
Long. 
R.  A. 
R.  A. 
R.  A. 
Long. 

Long. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 

(119) 
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No. 


B.D.  Number 


Name 


R.  A. 

(1900) 

h      m 
48.6 

7    2.6 

6.6 

23.3 

41.1 

8  41.5 

43.1 

9  23.1 

29.7 

55.2 

10  50.5 

11  43.5 

12  29.0 

13  14.9 

33.0 

44.5 

•58.8 

14  10.3 

16  11.1 

25.9 

17  11.5 

53.5 

18    4.6 

18    4.9 

33.1 

44.9 

54.5 

19    9.5 

30.9 

42.1 

44.5 

52.6 

59.6 

20  43.5 

46.1 

21    0.4 

30.7 

40.1 

22  16.9 

30.1 

23    5.8 

13.8 

18.9 

25.5 

59.5 

Declination 
(1900) 


Magnitude 

Spect. 

4.54 

GO 

5.58 

K 

6.44 

F5 

Neb. 

Pe 

5.29 

K2 

3.48 

F8 

4.42 

AO 

5.52 

G 

5.48 

K 

5.60 

F2 

6.11 

G5 

5.90 

A 

4.32 

GO 

9.3 

Ma 

4.92 

FO 

7.26 

K2 

7.8 

F5 

7.04 

F8 

8.6 

K5 

2.81 

K 

5.76(var.) 

B8 

9.7 

j\Ib 

5.67 

K 

5.73 

F 

6.47 

F8 

7.18 

F 

5.37 

A 

6.84 

6.62 

K 

9.3 

9.0 

Neb. 

4.95 

A 

4.03 

K 

5.89 

G 

4.47 

B5 

5.96 

F 

8.8 

K 

4.98 

K 

4.27 

F 

4.66 

B5 

6.02 

A 

5.85 

A 

9.0 

K 

6.53 

F2 

7.26 

5.89 

K 

Relative  Parallax 


No. 
of 

Plate.s 


Coordi- 
nates 


+  58 
+  16 
+  27 
+  21 
+  33 
+  6 
+  6 
+  9 
+36 
+  32 
+42 
+  15 
+42, 
+35. 
+37 
+  27 
+  9 
+  3 
+  7 
+  21 
+  1 


982 

1397 

1337 

1609 

1585 

2036 

2040 

2188 

1979 

1964 

2162 

2381 

2321 

2436 

2433 

2296 

2842 

2874 

3125 

2934 

3408 


+  3, 
+  3, 
-  3 

+49 
+  13 
+49 


3610 
3613 
4331 
2871 
3841 
2959 


+30.3639 


+  .50, 
+  18, 
+34, 
+  16 
+35, 
-  6 
+  6 
+37 
+24, 
+45 
+  69 
+  42 
+  4 
+31 
+30 
+  66 


2869 
4254 
3798 
4121 
4267 
5604 
4744 
4359 
4463 
3894 
1262 
4592 
,4994 
,4901 
,4963 
.1679 


OZ   159  =  15  Lyncis.  .  . 

45  Geminoriim 

1^  1037 

N.  G.  C.  2392 

T  Geminoriim  =  22  1135 

e  Hydra' 

p  Hydrce 

Ill  Leonis  =  ^  1356  .  . .  . 

1 1  Leo  Min 

20  Leo.  Min 

Pi  10'',  191 

/3  603 

/3  Can.  Ven 

H  529 

5  1768  =  25  Can.  Ven.   . 

2  1785 

ff  1270 

Z  1819 

Z  2026 

i8  Herculis 

U  Ophiuchi 

Barnard's  Star 

73  Ophiuchi 

j8  637 

^88 

/3  971  =  205  Draconis.  . 
11  Aquilce  =  2  2424  ..  . 

6  C^gni  =  2  2486 

Campbell's  Hydrogen 

Star 

A'.  G.  C.  6826 

f  Sagiltm  =  2  2585 .  .  .  . 

V  Cygni  =  /3  980 

15  Sagitta; 

X  Cygni  =  02  413 

4  Aquarii  =  2  2729  .  .  . 

Lai.  40844 

72  Cygni 

K  Pegasi 

2  Lacertoe 

2  2924  

6  Andromedcc 

j3  80 

Br.  3109 

iS  1266 

Groom.  4220 


+  58  33 
+  16  5 
+  27  24 
+21  7 
+33  40 
+  6  47 
+  6  12 
+  9  30 
+  36  16 
+32  25 
+42  33 
+  14  50 
+41  54 
+  35  39 
+  36  48 
+  27  29 
+  8  58 
+  3  36 
+  7  37 
+  21  42 
+  1  19 
+  4  27 
+  3  59 
+  36 
-  3  17 
+49  19 
+  13  29 
+49  40 


+  30  18 
+  50  17 
+  18  53 
+  34  49 
+  16  48 
+  36  7 
-60 
+  6  41 
+  38  5 
+  25  11 
+46  2 
+  69  24 
+43  0 
+  4  52 
+  31  59 
+  30  17 
+  66  37 


+  0 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 


023  = 

015 

023 

006 

020 

012 

012 

030 

114 

042 

006 

047 

090 

lis 

047 
035 
007 
090 
004 
031 
000 
555 
015 
012 
019 
018 
039 
050 
037 

002 
006 
030 
015 
064 
023 
038 
016 
013 
032 
036 
005 
039 
008 
013 
003 
022 


:0.011 

.009 
.007 
.004 
.008 
.012 
.009 
.004 
.011 
.006 
.009 
.009 
.015 
.009 
.015 
.007 
.011 
.010 
.006 
.009 
.011 
.006 
.009 
.013 
.012 
.006 
.010 
.018 
.017 

.010 
.007 
.007 
.014 
.012 
.011 
.011 
.007 
.008 
.014 
.009 
.009 
.011 
.011 
.009 
.009 
.007 


12 
13 
13 
14 
14 
14 
12 
12 
12 
12 
12 
16 
12 
14 
13 
12 
12 
14 
12 
14 
13 
12 
14 
17 
11 
13 
12 
15 
15 

14 
14 
17 
12 
14 
15 
17 
13 
17 
13 
14 
15 
12 
14 
14 
12 
14 


R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
Long. 
Long 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 

R.  A. 
R.  A. 
R.  A. 
R.  A. 
Long. 
R.  A. 
R.  A. 
R.  A. 
R.  A. 
Long. 
R.  A. 
R.  A. 
Long. 
Long. 
Long. 
Long. 
R.  A. 


It  is  of  interest  to  compare  the  results  of  determina- 
tions of  the  parallaxes  of  the  same  stars  made  at  differ- 
ent observatories.     For  this  purpose  the  recent  photo- 


graphic determinations  of  Allegheny,  Dearborn,  Mc- 
Cormiclv,  Mt.  Wilson,  Sproul,  and  Yerkes  were  used. 
Each  determination  was  given  the  weight  unity  and 
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the  average  found  in  the  102  cases  common  to  the 
Sproul  Observatory  program  and  the  program  of  one 
or  more  of  the  other  observatories.  The  differences 
are  then  formed  in  the  order  given  in  the  following 
table.  The  results  of  the  Sproul  Observatory  and  the 
average  parallaxes  found  are  also  compared  with  the 
spectroscopic  determinations  made  by  Adams  and  his 
colleagues. 

This  table  does  not  purport  to  assign  relative  accur- 
acies to  the  different  observatories  because  all  the 
Sproul  parallaxes  have  been  used  and  only  those  of 
the  other  observers  which  are  common  to  the  Sproul 


list;    but 

it  does  compare  results  found  for 

the  same 

stars  bv 

lifferent  observers. 

No.  of 
Cases 

Algebraic  .Sum  Aritlimetic  Sum 

No.  of  Cases      ]N 

o.  of  Cases 

Adams  — 

-  Sproul 

112 

-|-0".00028 

0".0215 

Adams  — 

-  Average 

90 

+0   .00.307 

0  .01.57 

Average 

—  Sproul 

102 

+  0   .00004 

0   .0112 

Average 

—  Alleghenj^ 

54 

+  0  .00270 

0   .0105 

Average 

—  McCormic 

V       46 

-0  .000.30 

0  .0109 

Average 

—  Yerkes 

54 

+  0   .00.528 

0  .0154 

Average 

—  Van  Maanen  18 

-0   .00350 

0  .0131 

Average 

—  Dearborn 

8 

-0   .02012 

0   .0236 

OBSERVATIONS  DE  PLANETES  ET  DE  COIMETES, 

FAITES    A    l'oBSERVATOIRE   DE    BESANfON,    EQU.^TORIAL  COUDE    DE   0"'.33   d'ouverture, 

7ar  M.  p.  CHOFARDET. 


Dates 


T.m. 
Besan§on 


JA.R. 


JD.P. 


Cp. 


A.H.  app.        log  f.p.        D.P.  app 


log  f.p. 


Red.  .au  j. 


Mai 


(5)  Astraa 

h       ni       8  m       s  (         (/  li       m       s 

6il0    0    01+042.421+3    4.3 1    9,    6 1  11  11  20.44  I  9.260 


78  43    8.5|0.722?i   +2.04  +13.3      1 


(20)   Massalia 


Fevr.  11 

12 

:SIars    3 


Oct. 


Xi 


9  44  41 

9  55  36 

10  35  32 


9  23  25 

7  1  10 
7  10  48 
6  44  40 
6    4  50 


+  1  14.80 
+  0  27.11 
-    1    9.26 


0  37.64 

1  9.08 
1  22.90 
1  59.15 
1  50.32 


+  5  55.2 
+  2  .53.1 
-   3  10.5 


-  2  46.5 

-  1  17.3 

-  0  46.9 

-  0  57.0 
+  4  47.3 


8  20  12.04  9.1 04n 
8  19  24.35  8.996n 
8  10  18.77   9.106 


71  42  42.7 
71  39  40.6 
71     0  51.6 


0.637»1  +2.^2 


0.632?i 
0.628« 


+  2..32 
+  2.20 


+  14.6 
+  14.6 
+  13.8 


(27)  Eiiferpe 


9,  6 
9,  6 
9  ,  6 
9  ,  12 
9,    9 


23  16  35.54 
23  16  4.08 
23  15  50.25 
23  15  13.96 
23  19    3.93 


8.490 

9.294n 

9.244n 

9.280n 

9.148« 


97  24  10.1 

0.857/( 

+3.63 

-24.4 

97  25  39.4 

0.851?) 

+  3.61 

-24.3 

97  26    9.9 

0.852n 

+3.60 

-24.2 

97  26    0.1 

0.851n 

+3.56 

-23.9 

96  41  55.9 

0.850n 

+  3.35 

-22.8 

(29)  Amphitrite 
Oct.    24|    9  58  36|  +  3  44.56 1 +11  56.8 1    9,12J    0  44    7.81  j  8.786«|    80  40  19.9  |  0.734/)| 


-4.07 


(5 


Sept 

27 

28 

29 

30 

Oct. 

24 

26 

27 

Nov. 

17 

18 

9    2  55 

8  44  28 

8  40  36 

8  45    5 

8  55  56 

6  31  53 

6  45  55 

6  10  24 

6  15  20 

2  30.68 
2    7.55 

2  3.49 

3  29.25 
2  50.29 

2  12.47 
1  50.18 

3  16.55 

4  6.65 


+  6  13. G 
+  13  19.9 

-  5  38.1 

-  3  .33.7 
+  0  22.7 
+  4  39.2 
+  6  40.0 
+  7  6.5 
+   5  30.7 


9 

12 

9 

12 

9 

12 

9 

12 

9 

12 

9 

12 

9 

9 

9 

12 

9 

12 

1)   N  em  ansa 

22    2    3.22 

8.787?? 

98  15 

22     1  40.08 

9.934?? 

98  22 

22     1  18.23 

8.921?) 

98  29 

22    0  57.62 

8.845n 

98  36 

22    0  47.36 

9.062 

100  27 

22    1  25.16 

9.096?) 

100  32 

22    1  47.43 

8.975?) 

100  34 

22  14  38.56 

8.568?) 

100  36 

22  15  28.64 

8.294?) 

100  35 

-24.2       6 


48.9 

0.860?) 

+  3.65 

-25.3 

7 

55.2 

0.860n 

+3.64 

-25.3 

7 

57.9 

0.861W 

+3.65 

-25.2 

8 

49.4 

0.862?) 

+  3.64 

-25.2 

9 

50.4 

0.870?) 

+  3.36 

-23.6 

10 

7.0 

0.869?) 

+  3.34 

-23.5 

10 

7.9 

0.871?) 

+3.32 

-23.4 

10 

59.6 

0.873?) 

+3.06 

-22.1 

11 

23.9 

0.873?) 

+3.04 

-22.0 

11 
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Dates 

T.  m. 
Besanvon 

JA.R. 

JD.P. 

Cp. 

A.R.  !ipp. 

log  f.p. 

D.P.  app. 

log  f.p. 

R^d.auj. 

* 

(54)  Alexandra 

Nov."  23 

7  14  44    + 

1    3.08 

+  10  22.8 

9 

6 

1  26  52.06 

9.363?? 

62    4  44.5 

0.518?? 

+  4.67 

-24.3 

12 

24 

7  27  49    + 

3  21.21 

- 

6  27.5 

9 

12 

1  26  24.28 

9.305?? 

62  11  50.4 

0.506?? 

+  4.63 

-24.6 

13 

25 

7  IS  58|  + 

2  55.02 

+ 

0  29.8 

9 

12 

1  25  58.69 

9.322?? 

62  18  47.7 

0.511?? 

+  4.63 

-24.6 

13 

(60)   Echo 

Fevr.  11    10  12  30    - 

1  32.61    + 

1  32.6 

9 

6     8  25     1.94   8.923n 

76  45  18.6   0.693??   +2.29  +15.4    14 

12    10  13  28    - 

0  45.80    + 

3  41.8 

9, 

6     8  24  17.70  8.868?? 

(67)   Asia 

76  39  55.6  0.692n  +2.29  +15.3    15 

Mai      6 

11    5  18 

- 

2  29.31 

- 

10  25.4 

9, 

6 

12  41    3.18 

9.144 

94    4  47.5 

0.835?? 

+  2.56  +14.4 1  16 

10 

10  28  24 

+ 

0  14.39 

+ 

5  42.8 

9, 

6 

12  39  13.67 

9.029 

93  42  37.5 

0.834?? 

+  2..52 

+  14.3    17 

Juiii      2 

10  38    3 

+ 

1    8.73 

- 

1  57.4 

9, 

6 

12  37    1.39 1  9.422 

92  36    7.2 

0.824??|  +2.32 

+  12.9    18 

(89)  Julia 

Mars  12|l0  17  45|  + 

3    6.96 1  - 

2  55.5 

9, 

12 1    7  17  12.88 1  9.403 
(97)   CloOw 

65  41  27.8l0.587??|  +1.93  +10.0 1  19 

Mai    31    10  49  55 1- 

2    2.68 1  + 

3  17.4 

9  , 

9 1  14  41  30.87  j  8.882 
(106)   Dione 

90    0  13.3|0.811??|  +2.84  1+  5.3  |  20 

Fevr.  11 

10  48  38 

— 

0  41.85 

+ 

1    6.9 

10, 

6 

8  27    9.57 

8.385n 

64  41  10.2 

0.515/? 

+  2.39 

+  14.1 

21 

12 

10  36  10 

— 

1  26.70 

— 

0  59.4 

9, 

6 

8  26  24.72 

8.599r? 

64  39    3.8 

0.515?? 

+  2.39 

+  14.0 

21 

25 

9  12    6 

+ 

2  15.59 

- 

3  48.6 

9 

6 

8  18  14.87 

8.943?i 

64  21  13.4 

0.514?? 

+  2.33 

+  12.8 

22 

Mars    1 

10    1  59 

+ 

0  48.50 

+ 

3  54.9 

9 

0 

8  16  23.86 

8.631 

64  19  19.7 

0.509?? 

+  2.30 

+  12.5 

23 

2 

10  24  52 

+ 

0  23.90 

+ 

3  40.3 

8 

6 

8  15  59.24  18.979 

04  19    5.0 

0.516?? 

+  2.28 

+  12.4 

23 

(135)   Hertha 

D6c.    19     6  47    1    + 

4  28.04    + 

1  32.2 

9  , 

12      3  12  44.99   9.431« 

68  24  18.1    0.632??   +4.92   -12.6 

24 

26     6  40  38    + 

1  32.94    + 

2  36. 1 

9  , 

6     3  10  18.64   9.367H 

68  4123.6   0.621??   +4.88   -12.4 

25 

(168)   Sibylla 

F(5vr.    3     7  15  31    - 

0  12.82    + 

6  32.9 

12  , 

15      3    3  10.43    9.070 

75  46  43.6   0.685?? 

+  1.19  +  2.2    26 

4     8    2  42    + 

0  28.03    + 

3  39.8 

9, 

6     3    3  51.26  9.305 

75  43  50.6  0.695?? 

+  1.17  +   2.3    26 

(172)   Baucis 

Mars    8 

9  56  46 1  - 

0  40.05 

— 

2  58.3 

9, 

6 

9  41    8.24 

8.858n 

76    8  25.5 

0.686n 

+2.31 

+  16.5 

27 

9 

9  52  52    - 

1  31.88 

- 

3  40.5 

9, 

6 

9  40  16.40 

8.847r? 

76    7  43.3 

0.686r? 

+2.30 

+  16.5 

27 

10 

9  42  23    - 

2  22.34 

- 

4  17.5 

9  , 

12 

9  39  25.94 

8.907?? 

76    7    6.2 

0.686?i 

+2.30 

+  16.4 

27 

12 

11    3    8    - 

0  11.72 

- 

0  41.8 

9, 

6 

9  37  45.51 

8.911 

76    6    6.7 

0.686?? 

+  2.28 

+  16.3 

28 

(225)   HenrieUa 

Oct.    26 

7  38    2 

+ 

1  48.42    + 

3  43.7 

9 

6 

23  56  12.30  9.301?? 

84  50  43.2 

0.776??  +3.84 

-26.0 

29 

27 

7  40  32 

— 

1  43.95    - 

3    7.8 

9 

6 

23  55  50.83   9.28 In 

85    0  29.6 

0.777?i  +3.84 

-25.8 

30 

31 

7  47  50 

+ 

2  18  43    - 

4  37.5 

9 

12 

23  55    6.48   9.183?? 

85  37  50.3  1  0.780??  +3.79 

-25.8 

31 
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Dates 

T.m. 
Besangon 

J  A.R.  . 

JD.P. 

Cp. 

A.R.  app. 

log  f.p. 

D.P.  app. 

log  f.p. 

Red.  au  j. 

* 

1921 

h       m       s 

(250)   Reltina 

h       m       s 

Fevr.  25 

8  17  50 

- 

0  55.20 

+ 

7    0.1 

12  ,    9 

8    6  17.04 

9.280« 

51  40  17.5 

0.205?! 

+  2..54 

+   9.6 

32 

Mars    1 

8  49    0 

+ 

1  28.71 

+ 

5  34.1 

9,    6 

8    4  39.62 

8.936?! 

51  59  52.9 

0.157?! 

+  2.48 

+   9.0 

33 

2 

9  58  57 

- 

1     3.90 

- 

1     1.4 

9,    6 

8    4  19.38 

8.888 

52    5  22.2 

0.158?! 

+2.46 

+   9.0 

34 

3 

9  59  20 

- 

0  11.60 

- 

1    8.5 

9,    6 

8    4    1.82 

8.941 

52  10  42.9 

0.166?! 

+2.44 

+  8.9 

35 

(258)    Tyrhe 

Oct.    27 

8  17  22 

- 

1    7.88 

- 

12  29.3 

9,    6 

0  56    1.73 

9.355n 

82  10  33.4 

0.757n 

+4.08 

-23.0 

36 

Nov.   19 

6  57  13 

+ 

2  31.88 

— 

2  56.5 

9,  12 

0  51  51.24 

9.308n 

86  17  11.0 

0.786?! 

+3.90 

-22.1 

37 

23 

6  44  37 

+ 

3  45.22 

+ 

7  58.3 

9,  12 

0  52  35.94 

9.30b! 

86  44  11.0 

0.789?! 

+3.87 

-21.8 

38 

24 

6  45  15 

- 

4  18.30 

- 

9    7.6 

9,  12 

0  52  51.34 

9.286H 

86  50  14.0 

0.790?! 

+3.90 

-21.2 

39 

25 

6  43  15 

- 

4     1.40 

- 

3  26.7 

9,  12 

0  53    8.23 

9.280n 

86.55  55.0 

0.790?! 

+  3.89 

-21.1 

39 

26 

6  39  57 

- 

2  26.07 

- 

5  42.7 

9,  12 

0  53  26.84 

9.279n 

87    1  18.3 

0.791?! 

+3.87 

-21.1 

40 

(266)  Aline 

Oct.    31 

7  13  17 

- 

0    9.76 

- 

5  25.5 

9,    6 

23  31    5.06 

9.238?! 

77  40  29.8 

0.712?! 

+3.78 

-28.5 

41 

Nov.   18 

7  14  21 

- 

1     3.66 

+ 

7    4.9 

9,    6 

23  35  30.72 

8.754?! 

80    8  52.5 

0.728?i 

+3.60 

-27.5 

42 

19 

6  26  12 

+ 

0    9.62 

- 

6  32.8 

9  ,    6 

23  35  59.37 

9.127W 

80  15    2.9 

0.732?i 

+3.58 

-27.4 

43 

23 

6    8  34 

+ 

2  16.82 

- 

6  57.9 

9,  12 

23  38  13.74 

9.149?! 

80  38  11.9 

0.737?! 

+3.53 

-27.1 

44 

24 

6  15  33 

+ 

2  54.30 

- 

1  41.8 

9  ,  12 

23  38  51.21 

9.092?! 

80  43  28.0 

0.736?! 

+  3.52 

-27.1 

44 

25 

6    7    8 

+ 

3  32.68 

+ 

3  20.3 

9  ,  12 

23  39  29.58 

9.121?! 

80  48  30.1 

0.737« 

+  3.51 

-27.1 

44 

26 

6  13  49 

- 

2  55.30 

+ 

0  26.5 

9  ,  12 

23  40  10.00 

9.061?! 

80  53  23.1 

0.738?! 

+  3.54 

-26.7 

45 

(346)   Hermentaria 

Fevr.    4 

7  31    4|  - 

0  49.841+10    9.9 

9,    6|    3    8    8.12|9.150 

76    6  40.6|0.692?!| +1.20  +  2.6|  46 

(356)   Liguria 

^L'^i      6 

10  28  42 1  - 

1  36.07  1  - 

2  42.8 

9,    6|  12  10  15.50J9.114 
(386)   Siegena 

95  40  43.3  i  0.845?!J  +2.45]  + 16.2  [  47 

Sept.  27 

10    5  10 

+ 

0  59.99 

+ 

7    5.4 

9,    6 

23  45  45.84 

9.121?! 

98  41  44.8 

0.860?! 

+3.78 

-25.5 

48 

28 

10    847 

+ 

2  52.06 

- 

9  41.4 

9  ,  12 

23  45    9.53 

9.074?! 

98  55  23.4 

0.863n 

+3.78 

-25.1 

49 

29 

10  27  56 

+ 

2  15.70 

+ 

3  53.9 

9  ,  12 

23  44  33.17 

8.890?! 

99    8  58.8 

0.864?! 

+3.78 

-25.0 

49 

30 

10    3  33 

+ 

1     7.92 

+ 

2  17.4 

9,    6 

23  43  58.20 

9.050?! 

99  21  59.0 

0.865?! 

+3.78 

-24.9 

50 

(433)   Eros 

Sept.  28 

9  18  23 

- 

2  26.52 

+ 

0  48.0 

16,20 

22  19  57.66 

8.773n 

76  55  44.9 

0.694?! 

+3.72 

-28.9 

51 

29 

9  16  33 

- 

1     6.53 

- 

8  24.8 

12  ,    9 

22  18  30.91 

8.726r! 

77    1  39.8 

0.695?! 

+  3.70 

-29.0 

52 

30 

9  27  28 

- 

2  31.06 

- 

2  18.7 

9,  12 

22  17    6.38 

8.374?! 

77    7  45.8 

0.695?! 

+  3.70 

-29.1 

52 

(451)   Patientia 

Fevr.    4 

6  55  53  i  + 

4    6.45  1  + 

2    0.9 

9,  12|    2    6  41.15  1  9.255 
(509)    Yolanda 

87  18  33.0  |0.792?i| +0.69 1+  3.7  |  53 

Nov.  24 

7  57  44    + 

1  27.12 

+ 

1  16.0 

9  ,  12 

1  42  45.25 

9.202?! 

79  39  31.7 

0.729?! 

+4.25 

-19.6 

54 

25 

7  42    3    + 

0  53.42 

- 

3  45.6 

9,  12 

1  42  25.90 

9.251?! 

79  46  37.9 

0.732n 

+  4.24 

-19.5 

55 

26 

7    2  10    + 

0  35.61 

+ 

3    3.0 

9,    6 

1  42    8.09 

9.366?! 

79  53  26.5 

0.740?! 

+4.24 

-19.5 

55 
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Dates 


T.  m. 
Bcsan^on 


J  A.R. 


JD.P.  Cp.  A.R.  app.         logf.p.         D.P.  app.       log.  f.p.  R(5d.  au  j.         -^ 


Mars    8   10  33  38 1  +  0  40.92 
9    10  26  23    +  -i  52.97  1 


1  45.3 

1    3.1 


(551)   Orirml 


9  51  20.30  8.377?; 
9  50  40.91    8.459/) 


76  30  17.8  0.090«  +2.32  +16.6    56 
76  33    2.1  I  0.689//  +2.31   +16.5    57 


(596)  Scheila 


Mars 


1 

11     1    9 

3 

11    5  16 

8 

11    5  26 

9 

11    2  43 

0 

10  19  55 

+    1  54.56 

+  0  10.55 

+   1  37.19 

-    1  10.09 

-   2    2.97 

+ 

6  53.7 

9  , 

6 

- 

4  55.9 

9, 

6 

- 

6  29.9 

9  , 

6 

+ 

5  51.5 

9, 

6 

+ 

1  44.3 

9  , 

6 

11  28  59.21 

9.323// 

11  27  15.22 

9.270n 

11  22  47.80 

9.153W 

11  21  53.66 

9.141n 

11  21    0.79 

9.320/? 

62  8  52.0 
61  57  2.2 
61  31  8.9 
61  26  37.6 
61  22  30.3 


0.507// 

+  2.27 

+  16.9 

0.493?) 

+  2.29 

+  16.7 

0.469// 

+2.34 

+  16.1 

0.466// 

+  2.34 

+  16.0 

0.49bi 

+  2.35 

+  15.9 

Nov. 

30 

6  27  33 

D6c. 

3 

6  56  49 

19 

5  54  36 

+ 

0  18.39 

+ 

1    8.31 

- 

1  43.56 

+6    21.3 

9, 

12 

-   1  26.6 

9, 

6 

-   0  30.3 

9, 

6 

(695)   Bella 

1  41  55.91 1  9.462// 
1  41  36.70  9.345// 
1  44  53.55  9.345?? 


61  19  50.7 

0.535// 

+4.76 

-23.3 

61  54  27.6 

0.509// 

+4.71 

-23.5 

64  31  29.3 

0.555?/ 

+4.53 

-22.6 

F6vr.  11    11  49  33    +   1  48.14 
12   11  18  46    -   0  17.22 


3  11.9 
1    7.5 


(945)   Barcelona 


9, 
9, 


3  10.24 
1  35.08 


8.345 

8.380// 


72  21    5.4  0.638// 
72  33  18.9   0.640/) 


+  2..32  +15.71  64 
+  2.26+15.8    05 


Mars 

30 

16  30  49 

31 

16  13  59 

Avril 

1 

15  50  19 

3 

16    5.55 

27 

11  16  49 

27 

11  30  58 

30 

15  18  15 

Mai 

30 

10  18  48 

31 

10    6  501 

J 11  in 

1 

9  50    3 

2 

9  58  55 

7 

10  27  43 

14 

10    6  52 

24 

10  12  27 

25 

10    9  42 

- 

0  16.91 

+ 

0  35.13 

+ 

1  11.84 

+ 

1  39.55 

— 

1  27.14 

— 

1  25.17 

+ 

3  25.57 

+ 

2  49.10 

+ 

5  50.13 

+ 

2    4.01 

— 

0  13.61 

— 

3    3.10 

+ 

1  54.60 

- 

3  20.70 

+ 

1  16.32 

+  2  31 

-  5  3 
-25 
+  7  13 
+  2  14 
+  0  9, 
+  2  30. 

-  0  46. 
+  2  58. 
+  6  47. 
+  4  49. 

-  7  13. 

-  0  34. 
+  7  36. 
+  10  18. 


Comete  Reid  (1921a) 

20 
20 
20 
20 
20 
20 
21 


12 

9 

12  ,    9 

12 

9 

12 

9 

9 

10 

6 

6 

9 

12 

12 

16 

9 

12 

9 

12 

12 

8 

3 

4 

9 

12 

9 

6 

9 

6 

23  39.05 

9.491?/ 

24  13.49 

9.510?/ 

24  47.24 

9.535?i 

25  57.07 

9.506?/ 

52  17.92 

9.777?/ 

52  19.89 

9.785??, 

4  34.16 

9.802n 

1    4.87 

9.870 

2    1.24 

9.863 

2  54.13 

9.858 

3  44.41 

9.847 

7  14.46 

9.789 

11     1.28 

9.754 

15  27.50 

9.682 

15  52.49 

9.678 

97  46  44.8 

0.838/? 

+  0.72 

-   5.2 

96  50  56.6 

0.833?/ 

+  0.75 

-   5.1 

95  52  44.9 

0.827/? 

+  0.77 

-  4.9 

93  44  19.5 

0.826?) 

+0.82 

-  4.3 

39  16    6.4 

0.744?? 

+  1.18 

+  6.9 

39  14    2.1 

0.722?? 

+  1.18 

+  6.9 

27  54  21.4 

9.723 

+  1.21 

+  7.8 

31  46    3.7 

0.652?? 

+0.54 

+   1.6 

32  33  19.6 

0.637/? 

+0.54 

+   1.9 

33  18  35.5 

0.613// 

+  0.55 

+  2.1 

34    2  34.7 

0.646/? 

+  0.56 

+  2.2 

37  17  46.7 

0.748?? 

+  0.58 

+  3.4 

40  55  49.5 

0.767/? 

+  0.59 

+  4.9 

44  55    4.5 

0.831?) 

+  0.62 

+   6.5 

45  15  33.7 

0.832/) 

+  0.62 

+  6.8 

Avril 
Mai 


Juin 


10  29  14 

11  48  40 
11  19  30 
11  15  53 
11  56  19 


0  33.54 

0  44.28 

1  14.71 
0  33.50 


+  0  51.27 


11  14  35    +  2  40.53    +  0  26.8 


Comete  Periodique  Pons-Winnecke  (1921  b) 

-  0  53.1 
+  6  18.8 
+  5  32.1 

-  4  17.5 

-  2  21.4 


12, 

9 

12  , 

9 

9  , 

6 

3  , 

3 

10 

6 

9, 

12 

16  37  53.69 

9.657n 

17  11  29.29 

9.526?/ 

17  30    7.86 

9.604/? 

20  15  35.78 

9.676?? 

20  15  .53.55 

9.633?? 

20  37  12.40 

9.672/? 

47  22  24.7 

0.400?) 

+2.22 

+  7.0 

44  49  48.5 

0.049/) 

+  2.34 

+  4.8 

44    2  44.6 

0.146?? 

+  2.39 

+  3.8 

50  14  53.5 

0.530?/ 

+  2.52 

-    1.0 

50  16  49.6 

0.448?? 

+  2.52 

-   1.0 

52  36  56.1 

0.594?) 

+  2.51 

-    1.7 
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Positions  vioyennes  des 

etoiles  de  Comparaison 

* 

A.  R.  1921.0 

D.  p.  1921.0 

Autorites 

* 

A.  R.  1921.0 

D.  P.   1921.0 

Autorites 

1 

h      m      s 

11  10  35.98 

78  39  50.9 

A.G.  Leipzig  I 

4237 

43 

h      m      s 

23  35  46.17 

80  22    3.1 

A.G.  Leipzig  II 

11721 

2 

8  18  54.92 

71  36  32.9 

A.G.  Berlin  A 

3314 

44 

23  35  53.39 

80  45  36.9 

A.G.  Leipzig  II 

11723 

3 

8  11  25.83 

71    3  48.3 

A.G.  Berlin  A 

3257 

45 

23  43    1.76 

80  53  23.3 

A.G.  Leipzig  II 

11767 

4 

23  17    9.55 

97  27  21.0 

A.G.  Wien-Ottak. 

8292 

46 

3    8  56.76 

75  56  28.1 

A.G.  Leipzig  I 

964 

5 

23  17  10.26 

96  37  31.4 

A.G.  Wien-Oltak. 

8293 

47 

12  11  49.12 

95  43    9.9 

A.G.  Strasbourg 

4536 

6 

0  40  19.18 

80  28  47.3 

A.G.  Leipzig  II 

240 

48 

23  44  42.07 

98  35    4.9 

A.G.  Wien-Ottak. 

8408 

7 

21  59  28.89 

98  10    0.6 

A.G.  Wien-Ottak. 

7910 

49 

23  42  13.69 

99    5  29.9 

A.G.  Wien-Ottak. 

8394 

8 

22    3  18.07 

98  36    1.2 

rap.  a  -jAr  9 

50 

23  42  46.50 

99  20    6.5 

A.G.  Wien-Ottak. 

8399 

9 

22    4  23.23 

98  40  48.3 

A.G.  Wien-Ottak. 

7938 

51 

22  22  20.46 

76  55  25.8 

rap  kA.G.  Lpz.  I  8974  | 

10 

22    3  34.29 

100  27  51.3 

A.G.  Harvard  II 

7818 

52 

22  19  33.74 

77  10  33.6 

A.G.  Leipzig  I 

8945 

11 

22  11  18.95 

100  30  15.2 

A.G.  Harvard  II 

7862 

53 

2    2  34.01 

87  16  28.4 

A.G.  Albany 

594 

12 

1  25  44.31 

61  54  46.0 

A.G.  Cam. 

840 

54 

1  41  13.88 

79  38  35.3 

A.G.  Leipzig  I 

526 

13 

1  22  58.44 

62  18  42.5 

A.G.  Cam. 

821 

55 

1  41  28.24 

79  50  43.0 

A.G.  Leipzig  II 

663 

14 

8  26  32.26 

76  43  30.6 

A.G.  Leipzig  I 

3429 

56 

9  50  37.06 

76  37  46.5 

rap  a  ^  57 

15 

8  25    1.21 

76  35  58.5 

A.G.  Leipzig  I 

3417 

57 

9  46  45.63 

76  33  48.7 

A.G.  Leipzig  I 

3884 

16 

12  43  29.92 

94  14  58.5 

A.G.  Strasbourg 

4680 

58 

11  27    2.38 

62    1  41.4 

A.G.  Cam. 

5788 

17 

12  38  56.76 

93  36  40.4 

A.G.  Strasbourg 

4660 

59 

11  21    8.27 

61  37  22.7 

A.G.  Cam. 

5745 

18 

12  35  50.34 

92  37  51.7 

Munichi 

8322 

60 

11  23     1.41 

61  20  30.1 

A.G.  Cam. 

5760 

19 

7  14    3.99 

65  44  13.3 

A.G.  Berlin  B 

2886 

61 

1  41  32.76 

61  13  52.7 

A.G.  Cam. 

963 

20 

14  43  30.71 

89  56  50.6 

A.G.  Nicolajev: 

3801 

62 

1  40  23.68 

61  56  17.7 

A.G.  Cam. 

950 

21 

8  27  49.03 

64  39  49.2 

A.G.  Cam. 

4571 

63 

1  46  32.58 

64  32  22.2 

A.G.  Cam. 

1014 

22 

8  15  56.95 

64  24  49.2 

A.G.  Cam. 

4488 

64 

9    1  19.78 

72  17  37.8 

A.G.  Berlin  A 

3669 

23 

8  15  33.06 

64  15  12.3 

A.G.  Cam. 

4485 

65 

9    1  50.04 

72  34  10.5 

A.G.  Berlin  A 

3673 

24 

3    8  12.03 

68  22  58.5 

A.G.  Berlin  B 

940 

66 

20  23  55.84 

97  44  18.7 

A.G.  Wien-Ottak. 

7263 

25 

3    8  40.82 

68  38  59.9 

A.G.  Berlin  B 

944 

67 

20  23  37.61 

96  56    4.9 

A.G.  Wien-Ottak. 

7261 

26 

3    3  22.06 

75  40    8.5 

A.G.  Leipzig  I 

931 

68 

20  23  34.63 

95  54  55.1 

A.G.  Wien-Oliak. 

7260 

27 

9  41  45.98 

76  11    7.3 

A.G.  Leipzig  I 

3856 

69 

20  24  16.70 

93  37  10.1 

A.G.  Strasbourg 

7085 

28 

9  37  54.95 

76    6  32.2 

A.G.  Leipzig  I 

3840 

70 

20  53  43.88 

39  13  45.4 

A.G.  Harvard  I 

6833 

29 

23  54  20.04 

84  47  25.5 

A.G.  Albany 

8212 

71 

21     1     7.38 

27  51  43.4 

rap k A. G.HelsingllSlQ   \ 

30 

23  57  36.94 

85    4    3.2 

A.G.  Albany 

8230 

72 

7  58  15.23 

31  46  48.7 

A.G.  Helsingfors 

5355 

31 

23  52  44.26 

85  42  53.6 

A.G.  Albany 

8205 

73 

7  56  10.57 

32  30  19.1 

A.G.  Helsingfors 

5343 

32 

8    7    9.70 

51  33    7.8 

A.G.  Lund 

4142 

74 

8    0  49.57 

33  11  46.4 

A.G.  Helsingfors 

5377 

33 

8    3    8.43 

51  54    9.8 

A.G.  Lund 

4114 

75 

8    3  57.46 

33  57  43.5 

A.G.  Helsingfors 

5401 

34 

8    5  20.82 

52    6  14.6 

rap  a  -^  35 

76 

8  10  16.98 

37  24  56.7 

A.G.  Harvard  I 

3076 

35 

8    4  10.98 

52  11  42.5 

A.G.  Lund 

4119 

77 

8    9    6.09 

40  56  19.0 

A.G.  Bonn 

6464 

36 

0  57    5.53 

82  23  25.7 

A.G.  Leipzig  II 

353 

78 

8  18  47.58 

44  47  21.4 

A.G.  Bonn 

6562 

37 

0  49  15.46 

86  20  29.6 

A.G.  Albany 

225 

79 

8  14  35.55 

45    5    8.3 

A.G.  Bonn 

6516 

38 

0  48  46.85 

86  36  34.5 

A.G.  Albany 

222 

80 

16  38  25.01 

47  23  10.8 

A.G.  Bonn 

10673 

39 

0  57    5.74 

86  59  42.8 

A.G.  Albany 

259 

81 

17  12  11.23 

44  43  24.9 

A.G.  Bonn 

11046 

40 

0  55  49.04 

87    7  22.1 

A.G.  Albany 

252 

82 

17  28  50.76 

43  57    8.7 

A.G.  Bonn 

11240 

41 

23  31  11.04 

77  46  23.8 

A.G.  Leipzig  I 

9359 

83 

20  14  59.76 

50  19  12.0 

A.G.  Lund 

9222 

42 

23  36  30.78 

80    2  15.1 

A.G.  Leipzig  II 

11726 

84 

20  34  29.36 

52  46  31.0 

A.G.  Lund 

9547 

*    8 

-*9 

:  A  .1./^. 

=   -1    5.16 

A  D.P. 

=   -4  47.1 

Cp. 

=    9.  6 

*34 

-*35 

:  A  A.R. 

=  +1     9.81 

A  D.P. 

=  -5  27.9 

Cp. 

=    9.  6 

*51 

—  A.G.  Leip'.ig  I 

8974  :  A  A.R. 

=   -2  29.03 

A  D.P. 

=  -6  38.3 

Cp. 

=  12.16 

*5(i 

-*57 

:  A  A.R. 

=  +3  51.43 

A  D.P. 

=  +3  57.8 

Cp. 

=    6.  8 

*71 

—  A.G.  Helsingfors 

11876  :  A  A.R. 

=   -1  12.22  , 

A  .D.P. 

=  +5  54.3 

Cp. 

=    9.  9 
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REMARQUES 

Cometc  lieid  (1921  a)  —  !Mars  30,  dans  un  cicl  eclairo  par  la  Lune,  ciicorc  forte,  la  Comete,  cstimec  do  9*^ 
grandeur,  apparait  comme  un  amas  n<;l)uleux,  sensihlenient  rond  et  large  de  2'  a  '.V,  avec  conilensation  hicni 
definie,  mais  floue. 

Avril  3,  Comete  de  8'  grandeur,  tete  ronde  de  3'  dc  diametre,  noyau  flou  decentre  vers  NE.  Avril  27,  la 
Comete  est  observ(5o  a  travors  un  eiel  tres  n6buleux.  Avril  30,  Comete  de  5*^  h  Q^  grandeur,  tete  ronde,  large 
dc  5',  noyau  central  assez  bien  d^fini.  Mai  31,  Comete  de  6*^  grandeur,  ronde  et  lumineuse,  condensation  cen- 
trale  bien  prononc^e.  Juin  7,  le  ciel  se  couvre.  Juin  14,  Comete  peu  visible,  pointes  difficiles:  forte  Lune. 
Juin  24,  la  Comete,  dans  le  crepuscul(>,  a  I'aspect  d'une  nebulosity  dc  10*^  grandmir,  dc  I'dc  diametre,  sans  noyau 
bien  certain. 

Comete  periodique  Pons-Winnecke  (1921  b)  — Avril  27,  la  Comete  de  grandeur  12. .5,  peu  visible,  est  penible 
a  observer.  Mai  6,  le  ciel  est  n4buleux.  Mai  10,  la  Comete  est  de  10^  grandeur.  Mai  31,  l"^*^  s6rie,  le  ciel  se 
couvre;   2™''  serie,  Comete  de  9*  grandeur,  ronde,  noyau  central,  chcvelure  ^talee  sur  4'  dc  diametre. 


Observatoire  de  Besan(;on, 
1932,  Mai  10. 


MERIDIAN   CIRCLE   OBSERVATIONS  OF  FAINT   STARS, 

By    R.   H.   tucker. 


In  the  Astronojnical  Journal,  No.  181,  the  occulta- 
tion  of  a  faint  star  by  Mars  was  recorded.  The  ob- 
server, the  late  Dr.  E.  S.  Holden,  proposed  at  the 
time,  July,  1888,  that  the  star  be  observed  here  with 
the  meridian  circle.  To  the  best  of  my  knowledge  no 
attention  had  since  been  paid  to  completing  the 
record,  until  we  recentlj^  received  a  request  for  the 
position. 

The  star  was  evidently  B.  D.  -8°  3552,  recorded 
as  magnitude  10  by  Schonfeld.  At  the  occultation 
it  was  presumed  to  be  as  faint  as  magnitude  11.  I 
commonly  find  the  estimates  of  the  southern  B.  D. 
to  be  brighter  than  those  of  the  northern  B.  D.  at 
the  faint  end  of  the  scale,  and  the  star  thus  identified 
is  fainter  than  tenth  magnitude. 

Some  other  faint  stars  have  been  recently  observed, 
some  for  possible  occultations  by  the  planets,  and 
some  for  proper  motion.  The  observed  right  ascen- 
sions have  been  corrected  for  my  magnitude  equa- 
tion. The  observations  have  been  reduced  with 
standard  star  places  from  the  American  Ephemeris. 
The  corrections  necessary  to  reduce  to  other  systems 
have  been  computed. 


lAck  Observatory, 
July  19S2. 


Star 

-4  3442 
-4  3459 
-8  3552 


No. 

Mag.                          1922.0                           Epoch      obs. 

9.5    13    9  56.380 

-  4  27    3.66 

1922.38 

2E 

9.5 

13  15  34.882 

-   5    5  52.50 

.38 

2E 

10.5 

13  21  11.830 

-   9  21  13.30 

.38 

2E 

Reduction  to  Auwers  b.  j.  +0^.012  — 0".19 
Reduction  to  Boss  p.  g.  c.    +0  .005  -0  .34 


14  4048 

9.4 

14  4069 

9.0 

15  4027 

9.1 

14  46  53.589 

14  51  13.800 

15  2  21.707 


15  10  23.46 
15  1  27.92 
15  50  30.50 


.41  2  E 
.41  2  E 
.41   2  E 


Anon. 


Reduction  to  Auwers  b.  j.  — O^'.OOo  — 0".15 
Reduction  to  Boss  p.  G.  c.    -|-0  .002  -O  .20 

Barnard'.'^  Proper  Motion  Star 

I  9.5  117  54    1.044,1+  4  28  46.34  I       .465  |  2  E 

Reduction  to  Auwers  b.  j.  —0^.008  — 0".14 
Reduction  to  Boss  p.  g.  c.    -0  .003  -0  .38 


- 16  4706 

Nova 


Nova  Aquilw 

9.2  1 18    146.8271-16  4144.321 
9.5    18  44  55.703  l-F  0  29  45.74 


.49  2  E 
.49  2  E 


Reduction  to  Auwers  b.  j.  -|-0'.009  — 0".13 
Reduction  to  Boss  p.  g.  c.    -0  .001  -0  .21 


CONTENTS. 
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Meridian  Circle  Observations  of  Fai.nt  Stars,  by  R.  H.  Tucker. 
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THE   MASSES   OF  VISUAL   BINARY   STARS, 

By  JOHN   A.  MILLER  akd  JOHN   H.  PITMAN. 


The  original  parallax  program  of  Sproul  Observatory 
was  built  around  a  desire  to  determine  the  masses  of 
stars.  Accordingly  the  program  here  contains  all 
those  visual  binaries  M-ithin  our  reach  whose  orbits  are 
well  determined,  together  with  those  whose  orbits  may 
be  tolerably  well  known  in  the  not  too  distant  future. 
A  very  considerable  number  of  binaries  have  been  in- 
cluded in  various  parallax  programs,  so  that  trigo- 
nometric parallaxes  have  been  determined,  by  one  or 
more  observatories,  of  a  considerable  number  of  these 
objects.  Except  in  a  few  instances  these  trigonometric 
parallaxes  have  been  determined  photographically. 
In  most  cases  the  components  of  the  double  are  so  near 
each  other  that  the  combined  images  on  our  plates  are 
sensibly  round  and  in  the  measurements  we  have 
bisected  this  image. 

The  question  naturally  arose,  as  to  whether  or  not 
the  revolution  of  the  close  pairs  would  not  change  the 
shape  of  this  image  sufficiently  to  seriously  vitiate  the 
determinations  of  the  parallax.  Recently  Professor 
Pitman  and  Miss  Powell,  an  assistant  at  the  Observa- 
torj',  undertook  to  determine  if  possible  the  effect  upon 
the  parallax  of  this  orbital  motion.  They  used  instead 
of  the  usual  formula  of  reduction, 

c  +  Tix  +  Pw  =  m, 
the  equation 

sin  d 
c  +  T/X  +  Pit  +  p-:^    =  m, 

where  p  and  6  are  respectively  the  radius  vector  of  the 
star  in  its  orbit  and  the  position  angle.  Fourteen 
stars  were  examined.  Of  these  the  parallaxes  of 
eleven  were  changed  by  0".000  or  0".001 ;  one  was 
changed  by  0".002;  one  was  changed  by  0."004; 
and  another  was  changed  by  0".009. 

The  observations  of  the  last  star  for  parallax  ex- 
tended over  a  period  of  five  years,  and  the  stars  were 
in  that  part  of  the  orbit  in  which  the  position  angle 
and  also  the  distance  changed  very  rapidly,  the  change 


in    angle    being    21°.     The    variation    of    p    was    from 
0".33  to  0".86^ 

In  making  these  investigations,  onl}'  those  stars 
were  treated  in  which  the  brightness  of  the  components 
differed  by  less,  than  two  magnitudes.  The  investiga- 
tion seemed  to  indicate  that  the  error  introduced  by 
revolution  is  smaller  than  the  error  of  measurement, 
except  in  rare  instances  which  can  be  avoided  by 
examining  the  orbit.  To  convince  ourselves  more 
completely  we  compared  the  parallaxes  of  33  single 
stars  with  those  of  33  of  the  double  stars  discussed  in 
the  second  part  of  this  paper.  These  single  stars  were 
chosen  at  random  in  the  following  w&y:  if  the  parallax 
of  six  double  stars  were  determined  by  the  Yerkes, 
Alleghenj',  and  McCormick  observers,  then  we  chose 
six  single  stars  at  random  whose  parallaxes  had  been 
determined  by  the  same  set  of  observers,  and  found 
the  average  parallaxes  and  the  residuals.  We  treated 
the  double  stars  in  the  same  manner.  In  all  there 
were  33  pairs  of  double  stars  and  hence  33  single  ones. 
We  found  the  algebraic  average  residual  of  the  single 
stars  to  be  0".003  greater  than  that  of  the  double  stars. 
While  this  is  not  conclusive  it  is  our  opinion  that  the 
parallaxes  of  the  doulile  stars  are  as  reliable  as  those 
of  the  single  ones. 

AVc  have  given  below  a  list  of  all  binar.y  stars  con- 
tained in  our  card  catalogue  of  parallaxes  whose  orbits 
are  known  and  whose  parallax  has  been  determined 
trigonometrically  by  one  or  more  observers.  In  mak- 
ing the  selections  of  the  parallaxes  used  we  have  in- 
cluded all  those  parallaxes  whose  probable  error  is  less 
than  0".0l5;  in  fact  very  few  probable  errors  exceed 
0".0I0.  We  have  given  equal  weights  to  each  observer. 
We  found  the  average  of  these  relative  parallaxes, 
added  0".005  to  this  average  for  an  absolute  parallax, 
and  computed  their  masses  in  the  usual  way.  We 
have  divided  the  stars  into  three  groups.  Group  I 
contains  those  in  which  the  orbit  is  well  determined, 
where   the   parallax   has  been  determined   trigoiumiet- 
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rically  by  two  or  more  observers,  and  the  results  are  in 
fair  accord.     This  group  contains  27  systems. 

Group  II  contains  tho.se  stars  whose  orbits  are  less 
well  determined  or  whose  paralla.xes  have  been  deter- 
mined by  two  or  more  observers  and  the  results  are 
discordant.     This  grouj)  contains  15  systems. 

Group  III  contains  all  those  stars  for  which  there  is 
only  one  parallax,  where  the  parallaxes  are  very  dis- 
cordant, or  the  orbit  very  uncertain.  This  group 
contains  26  .systems. 

The  results  are  shown  in  Table  I  below.  Column  (5 
contains  the  average  relative  parallax  as  determined  by 


the  observers  whose  initials  appear  in  Column  5.  The 
initials  have  the  following  significance:  A.,  Allegheny 
Observers;  B.,  Baknard;  C,  Cha.se;  D.,  Dearborn 
Observers;  E.,  Elkin;  G.,  Gill;  H.,  Hall;  K., 
Krtieger;  M.,  McCormick  Observers;  Mt.  W., 
Mount  Wilson  Observers;  R.,  Russell;  S.,  Sproul 
Observers;  Sm.,  Smith;  Y.,  Yerkes  Observers.  We 
have  included  spectroscopic  parallaxes  determined  t)y 
Adams  and  his  colleagues  in  the  table  as  well  as  tiie 
trigonometric  values,  but  they  are  not  included  in  the 
averages. 


TABLE   I 

First  Class 


K.  .\.  (1900) 

Mag. 

Spec. 

Observer 

P.arallax 

Mass 

Abs. 
Mag. 

1 

r]  Cass. 

h      m 

0  43.0 

3.6 

F8 

Ave.  (A.  M.  R.  S.) 
Adams 

0.180 
.141 

1.11 
2.35 

4.93 
4.35 

2 

13  524 

2  47.4 

5.24 

FO 

Ave.  (Mt.  W.  S.  Y.) 
Adams 

.013 
.022 

0.63 
0.30 

1.52 
1.95 

3 

1'  518 

4  10.7 

9.14 

AO 

Ave.  (G.  H.  M.) 
Adams 

.199 
.219 

0.25 
0.32 

10.69 
10.82 

4 

Siriiis 

6  40.8 

-1.58 

A 

Ave.  (E.  G.  Y.) 
Adams 

.381 
.376 

3.01 
3.26 

1.33 
1.31 

5 

Caxtor 

7  28.2 

1.58 

A 

Ave.  (A.  D.  M.  Sm.  Y.) 
Adams 

.085 
.091 

2.18 
2.10 

1.35 
1.38 

6 

Procyon 

7  34.1 

0.5 

F5 

Ave.  (E.  M.  S.  Y.) 
Adams 

.309 
.347 

1.41 
1.05 

2.98 
3.20 

7 

42  Com.  Ber. 

13  05.1 

4.45 

F5 

Ave.  (A.  Y.) 
Adams 

.061 
.055 

1.66 

2.87 

3.55 
3.15 

8 

13  612 

13  34.8 

5.55 

F2 

Ave.  (A.  M.  S.  Y.) 
Ad.ams 

.006 
.011 

16.11 
16.11 

0.76 
0.76 

9 

/3  1111 

14  18.5 

6.65 

AO 

Ave.  (S.  Y.) 
Adams 

.014 
.009 

1.15 
10.8 

3.04 
1.42 

10 

a  Cenlauri 

14  32.8 

0.04 

G5-K5 

Gill  and  Elkin 
Wright 
Adams 

.745 

.76 

.794 

2.10 
2.02 
1.76 

4.42 
4.48 
4.54 

11 

7]  Cor.  Bar. 

15  19.1 

5.07 

GO 

Ave.  (S.  Y.) 
Adams 

.079 
.055 

0.69 
2.45 

4.66 
3.77 

12 

1  1938 

15  20.7 

6.71 

KO 

Ave.  (A.  M.  S.) 
Adams 

.033 
.032 

0.81 
1.53 

4.70 
4.24 

13 

y  Cor.  Bor. 

15  38.6 

3.93 

A 

Ave.  (A.  S.  Y.) 

.016 

5.73 

0.54 

14 

r  2052 

16  24.5 

7.04 

G5 

Ave.  (A.  M.) 
Adams 

.050 
.058 

1.09 
0.93 

5.74 
5.86 

15 

f  Here. 

16  37.5 

2.96 

GO 

Ave.  (A.  S.  Y.) 
Adams 

.098 
.076 

1.90 
4.72 

3.02 
2.36 

16 

Z  2107 

16  47.9 

6.76 

F5 

Ave.  (A.  S.  Y.) 
Adams 

.018 
.021 

1.02 
0.93 

3.57 
3.47 

17 

1-  2173 

17  25.2 

5.29 

G 

Ave.  (S.  Y.) 
Adams 

.059 
.063 

2.15 
2.25 

4.32 
4.29' 
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R.  A.  (1900) 

Mag. 

Spec. 

Observer 

Parallax 

Mass 

Abs. 
Mag. 

18 

M  Here. 

h      m 

17  42.6 

9.47 

M6 

Ave.  (A.  M.) 
Adams 

0.106 
.110 

0.S6 
0.88 

9.70 
9.68 

19 

70  Oph. 

18    0.4 

4.04 

KO 

Ave.  (A.  K.  M.  S.  Y.) 
Adams 

.187 
.187 

1.82 
1.97 

5.56 
5.40 

20 

99  Here. 

18    3.2 

5.2 

F8 

Ave.  (A.  M.  S.) 
Adams 

.037 
.069 

6.45 
1.45 

3.32 
4.39 

21 

A  88 

18  33.2 

6.45 

F8 

Ave.  (S.  Y.) 
Adams 

.024 
.032 

1.52 
1.13 

3.76 
3.98 

22 

t  Equulei 

20  54.1 

5.27 

F5 

Ave.  (M.  S.) 
Adams 

.020 
.019 

1.53 
3.49 

2.26 
1.66 

23 

T  Cijgni 

21  10.8 

3.79 

FO 

Ave.  (A.  M.  S.  Y.) 
Adams 

.048 
.042 

2.29 
4.61 

2.41 
1.91 

24 

K  Pegasi 

21  40.1 

4.29 

F5 

Ave.  (A.  M.  S.  Y.) 
Adams 
Henroteau 

.022 
.030 
.025 

9.62 
7.01 
12.1 

1.45 
1.68 
1.28 

25 

Krueger  60 

22  24.5 

9.06 

M2 

Ave.  (A.  B.  D.  M.  R.) 
Adams 

.255 
.200 

0.44 
0.97 

11.30 
10.56 

26 

/3  80 

23  13.8 

7.94 

G 

Ave.  (D.  M.  S.  Y.) 
Adams 

.017 
.030 

3.87 
1.53 

4.65 
5.33 

27 

85  Pegasi 

23  56.9 

5.80 

GO 
Secon 

Ave.  (A.  S.  Y.) 
Adams 

D  Class 

.090 
.091 

0.93 

1.06 

5.69 
5.70 

28 

2  3062 

0     1.0 

6.14 

G5 

Ave.  (M.  S.  Y.) 
Adams 

.013 

.048 

45.95 
2.42 

2.42 
4.55 

29 

/3  513 

1  53.7 

4.60 

A2 

Ave.  (M.  S.) 

.014 

11.80 

0.99 

30 

7  Andr. 

1  57.8 

5.09 

A 

Ave.  (A.  C.  S.) 
Adams 

.004 
.033 

18.8 
0.38 

0.06 
2.68 

31 

13  883 

4  45.7 

7.15 

F5 

Ave.  (A.  S.) 
Adams 

.020 
.024 

1.59 
1.80 

4.13 
4.05 

32 

f  Cnncri 

8    6.5 

5.14 

GO 

Ave.  (Y.  S.) 
Adams 

.050 
.045 

1.05 
2.20 

3.84 
3.31 

33 

e  Hijdnv 

8  41.5 

3.46 

F8 

Ave.  (M.  S.) 
Adams 

AlTKEN 

.008 
.052 
.025 

23.7 
0.37 
3.33 

-0.97 

+  2.04 

0.54 

34 

Z  1888 

14  46.8 

4.62 

G5 

Ave.  (A.  M.) 
Adams 

.174 
.158 

0.84 
1.22 

5.88 
5.68 

35 

Z  1909 

15    0.5 

4.91 

GO 

Ave.  (A.  Y.) 
Adams 

.075 
.066 

2.31 
,3.06 

4.37 
4.01 

36 

^  Scorpii 

15  58.9 

4.19 

F5 

Ave.  (M.  Y.) 
Adams 

.041 
.036 

1.92 
2.71 

2.60 
1 .97 

37 

2  2055 

16  25.9 

3.94 

AO 

Ave.  (A.  M.  S.  Y.) 

.003 

105.5 

-1.54 

38 

,3  648 

18  53.5 

5.15 

GO 

Ave.  (A.  S.) 
Adams 

.090 
.083 

0.62 
0.79 

5.04 
4.75 

39 

Seechi  2 

19    7.8 

7.95 

G5 

Ave.  (A.  M.  S.  Y.) 
Adams 

.004 
.026 

26.1 
1.08 

2.72 
5.02 

40 

f  Sagitto' 

19  44.5 

5.04 

A2 

Ave.  (S.  Y.) 

.022 

2.62 

2.20 
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1 

R.  A.  (1900) 

Mag. 

Spec. 

Observer 

Parallax 

Mass 

Abs. 
Mag. 

41 

j3  Del  phi  ni 

h      m 

20  32.9 

3.64 

Yr, 

Avo.  {M.  8.  Y.) 
Ad.\ms 

0.022 
.046 

7.65 
1.58 

0.80 
1.95 

12 

5  EquuJci 

21    9.5 

4.56 

F5 
Thihd 

Avo.  (A.  M.) 
Adams 

HUSSKY 

Class 

.0.54 
.060 
.071 

2.95 
2.80 
1.69 

3.41 
3.45 
3  9fi 

43 

IIo.  212 

0  30. 1 

5.18 

F 

Sproul 
Adams 

.048 
.042 

2.01 
4.04 

3.80 
3.30 

44 

(3  395 

0  32.2 

5.69 

KO 

McCormiok 
Adams 

.086 
.066 

0.61 
1.60 

5.48 
4.79 

45 

::  186 

1  50.7 

6.58 

GO 

Sproul 
Adams 

.042 
.047 

0.77 
.73 

4.94 
4.99 

46 

r  412 

3  28.5 

5.92 

A  2 

Sproul 

.006 

1.08 

1.12 

47 

O^  79 

4  14.2 

7.31 

c;o 

Allegheny 
Adams 

.043 
.023 

0.21 
1.93 

5.72 
4.12 

48 

on:  82 

4  17.1 

7.68 

(;o 

Allegheny 
Adams 

.028 
.024 

2.41 
6.26 

5.27 
4.58 

49 

.3  552 

4  46.2 

6.93 

F5 

McCormick 
Adams 

.016 
.028 

2.56 
1.21 

3.54 
4.16 

50 

fflOl 

7  47.2 

5.31 

GO 

McCormick 

Adams 

.036 
.079 

8.75 
1.21 

3.37 
4.80 

51 

/3581 

7  58.8 

7.95 

G5 

Sproul 
Adams 

.082 
.008 

0.11 
134.5 

7.65 
2.47 

52 

i;  3121 

9  12.0 

6.99 

KO 

Sproul 
Adams 

.078 
.052 

0.15 
1.75 

6.59 
5.57 

53 

i;  1356 

9  23.1 

5.48 

GO 

Sproul 

.030 

1.03 

3.20 

54 

OZ  234 

1 1  25.4 

6.75 

F5 

Sproul 
Adams 

.038 
.012 

0.09 

4.18 

4.90 
2.13 

55 

OZ  235 

1 1  20.7 

5.51 

F5 

Sproul 
Adams 

.051 
.044 

0.52 
1.08 

4.25 
3.75 

56 

Oi;  269 

13  28.3 

6.67 

A  5 

Sproul 

.067 

0.01 

5.96 

57 

::;  1768 

13  33.0 

4.93 

FO 

Sproul 

.047 

0.21 

3.51 

58 

i;  1785 

13  44.5 

7.03 

K2 

Sproul 
Adams 

.035 
.069 

6.53 
1.21 

5.04 
6.22 

59 

/3  1270 

13  58.8 

7.89 

I'^ 

Sproul 

.007 

5.83 

3.29 

60 

01-  298 

15  32.5 

6.79 

KO 

Russell 
Adams 

.059 
.055 

0.81 
1.28 

5.82 
5.49 

61 

2  2026 

16  11. 1 

7.85 

K5 

Sproul 

.004 

132. 

2.32 

62 

f  Sagittarii 

18  56.2 

2.74 

A2 

McCormick 

.018 

33.1 

-0.45 

63 

2  2525 

19  22.5 

7.34 

F8 

Sproul 

.013 

1.94 

3.62 

64 

5  Ci/gni 

19  41.8 

2.97 

A 

S]5roul 

.049 

0.58 

1.63 

65 

Oi:  387 

19  45.0 

6.84 

1"5 

Sproul 
Adams 

.015 
.017 

1.38 
2.25 

3.34 
2.99 

66 

ni  400 

20    6.9 

7.14 

G5 

Sproul 
Adams 

.045 
.030 

0.14 
0.45 

5.55 
4.53 

67 

Z  2729 

20  46.1 

6.01 

F 

Sproul 

.038 

0.18 

4.18 

68 

/3  1266 

23  25.5 

7.59 

F5 

Sproul 

.003 

20.4 

2.10 
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We  have  collected  in  Taljle  II,  below,  the  masses  of 
B-type  stars  determined  from  photometric  and  spectro- 
scopic orbits,  and  also  the  masses  of  stars  of  other 
types  as  given  in  the  first  class  of  Table  I.  As  is  usual, 
the  stars  decrease  regularly  in  mass  from  the  earlier  to 
the  later  types.  The  same  general  run  is  displayed  in 
the  results  of  the  second  and  third  classes  but  the  indi- 
vidual results  are  not  as  accordant. 


TABLE    II 

Type 

No.  of  01  ij. 

Ave.  Mass. 

B           A         F 

8          8           11 
14.91     3.49       3.92 

r; 

6 
1.77 

K 
3 
1.57 

M 
2 
0.65 

It  has  seemed  to  us  for  some  time  very  desirable  to 
determine  absolute  parallaxes  by  measure  in  some  way. 
It  would  afford  a  check  on  our  assumed  parallaxes  of 
comparison  stars.  It  might  even  give  us  knoAvledge  of 
systematic  errors. 

In  Maj',  1886,  Ramb.-vut*  presented  a  paper  in  which 
he  showed  that  one  may  compute  the  absolute  par- 
allax of  a  binary  if  the  elements  of  its  visual  orbit  and 
the  relative  radial  velocity  of  its  components  are  known. 
HussEvf  computed  the  parallax  of  f  Equulei  by  means 
of  Rambaut's  formulse  in  1903.  WrightJ  in  1904  de- 
rived similar  formulae  by  adapting  the  work  of  Leh- 

*Proc.  Royal  Iii^h  Academy,  Vol.  IV,  (Sec.  Ser.),  No.  6. 
^iAph.  Journal,  Vol.  XVII,  Page  378. 
ILick  Observalory  Bulletin,  Vol.  Ill,  Page  3. 


man-Felhes.     He  computed  the  absolute  parallax  of 
a  Centauri  using  the  following  formula: 

„      a"  sin  i  n  [e  cos  co  +  cos  {v  -\-  u)\ 
F  Vl  -  e^ 

In  this  formula  tt  is  the  parallax  in  seconds,  n  is 
mean  angular  motion  in  radians  per  second,  and  V  is 
the  relative  radial  velocity  of  the  two  components. 
The  other  symbols  are  those  usually  used  for  the  ele- 
ments of  the  orbit  of  the  star. 

The  question  arises  how  much  a  given  set  of  errors 
in  the  elements  would  affect  the  parallax.  We  chose 
Ho  212,  gave  its  elements  the  following  increments: 
dn  =  0".01;  di  =  3°;  dn  =  0;  de  =  .01;  do:  =  1°; 
dv  =  }A  km.  per  sec.  and  computed  the  resulting 
increment  of  the  parallax.  If  we  assume  all  the  errors 
are  positive,  which  is  extremely  improbable,  the  result- 
ing increment  in  the  parallax  is  -i-0".003. 

It  is  evident  that  if  i  is  small  that  V  will  be  too  small 
for  accurate  determination.  We  have  selected  from 
Table  I,  18  stars,  for  which  i  is  sufficiently  large,  whose 
components  were  nearly  equal  in  magnitude,  the  type 
of  which  will  produce  a  good  spectrum,  and  computed 
V  for  1922.  We  have  also  computed  the  maximum  T' 
and  the  date  when  it  occurs.  The  results  are  given  in 
Table  III  below  and  indicate  that  the  alisolute  par- 
allaxes of  a  certain  number  of  these  stars  might  be 
obtained  without  an  inordinate  expenditure  of  time 
and  energy. 

Swarlhmore,  Pa., 
Feb.  IS,  im2. 


TABLE 

III 

Star 

R.  A. 

Sp. 

Mag. 

a 

P 

Rad. 
Vel.   1922 

Max, 
Rel.  Vel. 

Date 

h       m 

1, 

„ 

km/sec. 

km./sec. 

1 

Ho  212 

0  30 

F 

5.6-6.4 

0.242 

G.88 

9 

32 

1925 

2 

(3  395 

0  33 

KO 

6.4-6.5 

0.66 

25.0 

4 

15 

1939 

3 

Castor 

7  28 

A 

2.0-2.8 

5.756 

346.82 

6.7 

6.7 

2050 

4 

(3  101 

7  47 

GO 

5.8-6.4 

0.69 

23.4 

7-13 

20-40 

1939 

5 

J  UrscE  Maj. 

11    13 

GO 

4.4-4.9 

2.513 

59.81 

6 

10 

1939 

6 

y  Virginia 

12  30 

F 

3.6-3.7 

3.74 

182.3 

1 

10 

1886 

7 

42  Cnmm  Ber. 

13  05 

F5 

5.2-5.2 

0.674 

25.335 

0 

13 

1935 

8 

0  612 

13  34 

F2 

6.3-6.3 

0.225 

23.05 

8 

25 

1930 

9 

r  1865 

14  36 

A2 

4.4-4.8 

0.62 

130. 

2 

20 

1898 

10 

22  1909 

15  00 

GO 

5.3-6.2 

3.58 

204.7 

2 

10 

1998 

11 

^  Scorpii 

15  59 

F8 

4.8-5.1 

0.72 

44.7 

9 

11-18 

1950 

12 

i'  2173 

17  25 

G 

5.9-6.2 

1.06 

46.0 

12 

13 

1921 

13 

ASS 

18  33 

F8 

7.2-7.2 

0.176 

12.12 

0 

13 

1924 

14 

j'  Sacjitlarii 

18  56 

A2 

3.4-3.6 

0.565 

21.17 

35 

39 

1939 

15 

f  SagiUce 

19  41 

A2 

5.4-6.4 

0.32 

25.2 

5 

32 

1935 

16 

l3  Delphini 

20  32 

F5 

4.0-5.0 

0.48 

26.79 

10 

21 

1936 

17 

t  Equulei 

20  54 

F5 

5.8-6.3 

0.61 

97.4 

3 

19-24 

1971 

18 

K  Pegasi 

21  40 

F5 

5.0-5.1 

0.29 

■  11.35 

28 

32  ■ 

1932 
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ELEMENTS  AND   FINDING  EPHEMERIS  OF   [1921   W19], 

By  ELEANOR  A.   LAMSON, 
[Communicated  b\'  Captain  W.  D.  MacDougall,  Superintendent,  U.  S.  Naval  Observatory.] 

urcs  tlH^following  provisional  elements  and  a  findinp; 
epliemeri.s  for  the  next  opposition  have  been  com- 
puted. The  elements  are  based  upon  the  plate  meas- 
ures of  Nov.  25,  Dec.  9,  Dec.  22,  1921  and  Jan.  7,  1922. 
Mr.  Peters  suggests  the  name  Anacosthi  for  tlii.s 
asteroid,  in  case  it  is  new. 


In  November  1921,  Mr.  Geo.  H.  Peters  found  an 
object,  which  he  suspected  to  be  a  new  asteroid,  on 
some  photographic  plates  which  he  had  exposed  for 
the  purpose  of  obtaining  the  asteroid  (433)  Eros.  He 
made  a  number  of  photographs  of  the  suspicious  object 
during  the  next  two  months  and  from  his  plate  meas- 


Provision.\l  Elements 
Epoch:  1921,  Dec.  9.5     Greenwich  Mean  Time 


M  =      7     7  33.3 
IT  =  359  32  26.2' 
CO  =    74  44  32,5  ( 

Q   =  284  47  53.7 
i  =     15  59  31.3  j 
ip  =     15  18  31.6 


1923.0 


log  a 


672".527 
0.481534 


Heliocentric  Co-ordinates  1923.0 

X  =  r[9.984019]  sin  (  90°  6'  31".4  +  v) 
y  =  ?-[9.951575]  sin  (352  10  8  .9  -|-  v) 
z  =  r[9.716360]  sin  (27     4  21   .0  -|-  v) 


Comparison  of  Observations  with  Ephemeris 
Based  Upon  the  Element.s 


Date 

Aa 

A6 

(0-C) 

(0-C) 

1921 

3 

„ 

Nov.  21 

-0.4 

+  9 

25 

-0.2 

-  1 

29 

+  0.3 

-10 

Dec.   1 

+  0.2 

-14 

3 

+  0.9 

-13 

9 

+  0.5 

-20 

22 

+  0.4 

-18 

27 

+  0.6 

-  7 

1922 

Jan.   2 

+  0.5 

-  3 

7 

0.0 

0 

14 

+  0.3 

+  16 

24 

0.0 

+  40 

25 

+  0.1 

+43 

Finding   Ephemeris   Greenwich   Mean    Midnight,    1923.0 


Date 

a 

6 

log  p 

Date 

a 

5 

log  p 

1922 

h  m   s 

o      „ 

1922 

h  m   s 

0             1             1, 

Oct.  29 

8  0  17.8 

+22  49  14 

0.41768 

Dec.  24 

7  45  59.6 

+  19  57  29 

0.33111 

Nov.  2 

8  1  54.2 

+  22  32  49 

0.41008 

28 

7  42  17.7 

+  19  49  15 

0.32918 

6 

8  3  7.6 

+22  16  58 

0.40245 

1923 

10 

8  3  57.4 

+  22  1  43 

0.39484 

Jan.   1 

7  38  25.3 

+  19  41  14 

0.32820 

14 

8  4  22.6 

+21  47  7 

0.38728 

5 

7  34  26.1 

+  19  33  23 

0.32821 

18 

8  4  22.5 

+  21  33  14 

0.37986 

9 

7  30  23.8 

+  19  25  40 

0.32922 

22 

8  3  56.8 

+  21  20  2 

0.37263 

13 

7  26  22.1 

+  19  18  2 

0.33125 

26 

8  3  5.3 

+21  7  34 

0.36566 

17 

7  22  25.0 

+  19  10  27 

0.33427 

30 

8  1  48.3 

+20  55  47 

0.35904 

21 

7  18  36.5 

+  19  2  56 

0.33825 

Dec.  4 

8  0  6.4 

+  20  44  39 

0.35284 

25 

7  14  59.9 

+  18  55  28 

0.34316 

8 

7  58  0.0 

+  20  34  11 

0.34715 

29 

7  1 1  38.2 

+  18  48  4 

0.34891 

12 

7  55  30.2 

+20  24  18 

0.34205 

Fel).   2 

7  8  34.2 

+  18  40  45 

0.35543 

16 

7  52  38.8 

+  20  14  56 

0.33761 

20 

7  49  27.7 

+  20  6  1 

0.33394 

Opposition  J; 

n.  11,  1923  J 

Vlag.  at  Opposit 

ion  =  10'".3. 
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PRELIMINARY   RESULTS   OF   THE   RESEARCHES   ON   THE   CLOSE   APPROACH 
OF  WOLF'S   PERIODIC   COMET   TO   JUPITER   IN    1922, 

By   M.    KAMENSKY. 


The  present  article  contains  the  first  results  of  ray 
computations  on  the  close  approach  of  Wolf's  periodic 
comet  to  Jupiter  in  1922.  Though  they  are  not  quite 
finished,  nevertheless  I  take  the  liberty  to  publish  them 
now,  bearing  in  mind  the  general  scientific  interest  of 
similar  problems.  The  more  detailed  results  will  be 
published  in  the  near  future. 

The  sj'stem  K"io  of  the  elements  of  the  comet  was 
taken  as  basis  of  the  researches  and  calculations.  This 
system  represents  pretty  well  the  observed  places  of 
the  comet  through  its  six  returns  to  the  S\tn  during 
1884-1919: 

1918  Dec.  16.0     R.  M.  T. 
M  =       0°  21'  35"..5 
V5  =    33    57    58  .2 
9,   =  206    42    42  .6  1 
TT  =     19    39      7   .5  /  1920.0 
i  =     25     17    30   .9) 
n  =  522".7076 

With  the  help  of  this  system  of  the  elements  I  have 
calculated  the  perturbations  of  the  first  order  in  the 
motion  of  the  comet,  due  to  Jupiter  during  the  period 
1918  Dec.    16.0-1922  Jan.  9.0.     As  they  are   not  too 


K", 


large,  we  may  suppose  that  the  system  of  the  elements 
for  1922  Jan.  9.0  is  near  the  truth,  neglecting  the 
perturliations  of  the  second  order.     Thus  I  get: 


Perturbations  for 

System  of  the 

the  period 

elements  for 

1918  Dec.  16.0-1922  Jan. 

9.0         1922  Jan.  9.0  B.M.T. 

5,1/  =  +.30'  50" 

]\I  =  163°  29'.  6 

5^  =  +19    23 

V  =    34    17  .4 

5Q   =   -41     50 

a   =  206      0.9) 

5-K  =  -24      9 

TT  =     19     15  .0>  1920.0 

a  =  +34    27 

i  =     25    52  .0  ) 

5n.  =  +   2".652 

n  =  525".360 

Then,  with  the  help  of  the  above  system  for  1922 
Jan.  9.0,  I  computed  the  exact  values  of  the  perturba- 
tions, due  to  Jupiter,  for  the  period  1922  Jan.  9.0-1922 
Dec.  15.0.  While  calculating,  I  put  the  interval  X  = 
10  days,  and  not  only  changed  the  elements  every  10 
days,  but  even  made  two  or  three  successive  approxi- 
mations, in  order  to  obtain  the  definitive  differentials 
of  perturbations  near  enough  to  those  taken  in  the 
beginning  of  the  calculations.  Thus  I  get  the  following 
svstems: 


Entrance  into  the 
sphere  of  activity 

A  =  0.3306 

1922     July  8.0     B.M.T. 

M  =  191°  9'.0 
v?  =     34    44  .3 

Q,  =  205  35  .2 
TT  =  18  46.2 
i  =  27  39.1 
n  =  528".438 


Exit  from  the 
sphere  of  activity 

A  =  0.3214 

1922     Dec.  15.0     B.M.T. 


A 


M  =  235°  12'.  1 

<p  =     2-1    25  .2 

9,  =  205 

T  =        4 

i  =    29 


2.6 
49  .0 
3.9 
n  =  428".532 


Perturbations 
during  the  period 


Julv  8  — Dec.  15,  1922 


8M  =  + 

S(p  =  — 

SSI  =  ~ 

Stt  =  — 

di  =  + 


33'.9 
19.1 
32.6 
57.2 
24.8 


5n  =  -99".906 


The  least  distance  between  tb.e  comet  and  Jupiter 
occurs  Sept.  26,  1922,  when  A  =  0.1220 

On  the  other  hand,  calculating  the  jovicentric 
elements  with  the  help  of  the  above  system  of  elements 
for  1922  July  8.0,  I  arrived  at  the  following  hyperbolic 
system : 

T  =  1922  Sept.  27^.422  B.M.T. 
e  =  6.4197 
9.   =  131°  35'. 3 
CO  =  32.3°  47'.2 


i  =  122°  35'.6 
a  =   -0.022751 

Tniin.    =    9    = 


0.12.33 


Further,  neglecting  the  perturbations  due  to  the 
Sun  for  the  period  July  8-Dec.  15,  I  get  the  following 
system  of  the  transformed  heliocentric  elcmets,  for  the 
moment  of  the  exit  of  the  comet  from  the  sphere  of 
activity  (A  =  0.3208). 
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1922  Dec.  15.0  B.M.T. 

M  =  235°  26'.4 
ip  =    25 


Q,   =  205 


0.9 

5.8 

TT  =  5  7.  7 
i  =  29  3.  9 
n  =  432".63 


1920.0 


The  aecordance    between  the  systems  A  and  B  is 
good  enough,  especially  when  we  take  into  consideration 


the  neglect  of  the  influence  of  the  Sun  on  system  B 
and  the  computation  of  the  perturbations  with 
4-place  tables,  which  is  sufTicicnl  for  the  first  approx- 
imation only. 

It  is  very  interesting  to  compare  system  A  with 
that  which  existed  before  the  close  approach  of  the 
comet  to  Jupiter  in  1875.  According  to  Lehmann- 
Filhes  (A.N.  Band  124,  p.  1),  the  main  results  of  the 
transformation  of  the  comet's  orbit  for  that  time  are 
as  follows: 


luitrance  into  the 
sphere  of  activit}' 

1875     April  5.0 

M  =  226°  32'.6 

.p  =     23       1  .2 
Q,   =208    20  .81 

w  =      5    39  .2>  1880.0 

i  =     29    26  .G) 

n  =  415".668 


Exit  from  the 
sphere  of  activity 

1875     August  13.0 


ISSO.O 


M  =  230° 

17'.6 

<p  =     Z4 

32  .5 

SI  =  207 

40  .8j 

TT    =        18 

19.0/ 
27  .4) 

i  =     27 

n  =  520' 

.011 

Perturbations 

5M  =   -    11°    15' 

&<p  =  +  n    31 

5  51   =  -     0    46 
5t  =  +    12    39 
5i  =   -      1     59 

.0 
.3 
.0 
.8 
.2 

8n  =  -|-104".343 


lie  least  distance  Amin.  =  0.1213  was  in  June  1875. 


As  may  be  seen  from  these  comparisons,  the  influence 
of  Jupiter  during  the  period  1922  July  8-1922  Dec.  15 
was  inverse  to  that  for  the  period  1875  Apr.  5-1875 
Aug.  13,  and  the  orbit  returned  nearly  to  its  original 
form. 

The  comet  will  pass  its  perihelion  Oct.  28''.4,  1925; 
then  its  distance  from  the  Sun  will  be  about  r  =  2.40. 

The  earth  at  that  time  will  be  in  that  part  of  its 
orbit  which  lies  approximately  in  the  direction  of  the 
comet's  perihelion,  and  the  reciprocal  distance  of  the 
two  bodies  will  be  approximately  2.40  —  1.00  =  1.40. 

Therefore  we  may  expect  that  the  comet,  notwith- 
standing the  enormous  transformation  of  its  orbit  in 
1922,  may  be  observed  with  large  telescopes,  both 
visually  and  photographically. 

All  these  changes  may  be  readily  seen  on  (he  accom- 
panying diagram. 

Yellow  Sea, 
April,  1922. 
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PARALLAXES   OF  ONE   HUNDRED  AND   TWO  STARS, 

DETERMINED    BY    PHOTOGRAPHY   WITH   THE    26-INCH    MCCORMICK    REFRACTOR, 

By   S.    a.    MITCHELL,  and  others. 


The  present  list  of  parallaxes  is  a  continuation  of 
those  published  in  ^.  J.  Xos.  778,  796  and  803.  As 
in  the  preceding  lists  a  comparison  is  made  with  the 
spectroscopic  parallaxes  of  Mt.  Wilson  to  which  the 
usual  correction  of  0".00o  is  applied  to  reduce  to  rela- 
tive parallaxes,  the  average  McCormick  comparison 
star  being  of  approximately  tenth  visual  magnitude. 
In  the  proper-motion  column  an  asterisk  denotes  that 
the  value  is  taken  from  the  Cincinnati  Publications, 
18.  Owing  to  changes  in  the  personnel  of  the  observa- 
tory staff  the  director  has  usually  been  in  the  habit 
of  completing  the  measures  started  on  a  parallax 
series,  but  not  finished,  by  one  of  the  junior  assistants. 
The  absence  of  designation  in  the  column  of  Notes 
signifies  that  the  complete  series  of  plates  was  meas- 
ured by  the  writer.  Full  details  of  the  measurements 
will  appear  in  volume  IV  of  the  Publications  of  the 
Leander  McCormick  Observatory. 


Most  of  the  stars  completed  on  the  McCormick 
program  to  date  belong  to  the  later  types  of  F,  G,  K, 
and  M.  However,  15  stars  of  B-type  have  been 
finished,  and  also  57  stars  of  type  A.  In  addition,  22 
Cepheids  or  pseudo-C epheids  have  been  measured  and 
49  stars  of  magnitude  3.0  or  brighter.  In  the  present 
list  appears  Sirius  of  visual  magnitude  —1.6.  Bj^  a 
method  described  at  the  meeting  of  the  American  As- 
tronomical Society  at  Northampton  the  image  of 
Siriris  was  reduced  l)y  11.6  stellar  magnitudes  on  the 
photographic  plate  until  it  had  the  diameter  of  a  star 
of  the  tenth  magnitude. 

The  values  of  the  McCormick  parallaxes  below  are, 
as  usual,  the  observed  or  relative  parallaxes.  To  ob- 
tain the  absolute  parallax  0".005  should  be  added  to 
the  relative  value. 


No. 

Star 

R.A. 1900 

Dcfl.  1900 

Mag.  and 
Spectrum 

/' 

Parallax 

Proper-motion 

1 
o 

McCormick 

Spect. 
-0".005 

Observed 

Boss 

h       m 

o         / 

„ 

, 

„ 

„ 

„ 

, 

342 

e  Andromedoe  .  .  .  . 

0  33.3 

+  28  46 

4.5  G5 

0.336 

+  0.017  ± 

0.011 

0.009 

-0.221 

-0.228 

6 

343 

Lalande  1045  .  .  .  . 

0  35.3 

+39  40 

7.5  KO 

.797 

+ 

.071  =b 

.012 

.053 

+   .329 

+•  .346* 

6 

344 

Lalande  2682  .  .  .  . 

1  23.5 

+  21  13 

7.9  G5 

.495 

+ 

.014  ± 

.006 

.045 

+   .465 

+   .456* 

a 

345 

107  Piscium 

1  37.1 

+  19  47 

5.3  G5 

.734 

+ 

.143  ± 

.009 

.121 

-   .304 

-   .296 

c 

346 

Pi  1"  159 

1  40.5 

+  63  22 

5.7  KO 

.634 

+ 

.109  ± 

.008 

.091 

+   .578 

+  .588 

c 

347 

Boss  405 

1  43.0 

+32  11 

5.8  F5 

.354 

+ 

.047  ± 

.009 

.035 

-    .204 

-   .175 

c 

348 

a  Trianguli 

1  47.4 

+  29    6 

3.6  F5 

.233 

+ 

.057  ± 

.016 

.028 

+   .011 

+  .017 

a 

349 
350 
351 

84  Ceti 

2  36.1 

2  37.4 

3  1.8 

-    1    7 
+48  48 
+49  14 

5.7  F5 
4.2  F8 
4.2  GO 

.250 
.351 

1.269 

+ 
+ 

.004  ± 
.081   ± 
.083  ± 

.006 
.011 
.009 

.031 

.082 
.105 

+   .151 
+   .324 
+  1.2.55 

+  .210 

+  .387 
+  1.267 

b 
b 
c 

B  Persei 

i  Persei 

352 
353 

94  Ceti      .    . 

3    7.7 
3  11.0 

-  1  34 

-  6  17 

5.1  F8 
6.0  B9 

.209 
.24 

+ 
+ 

.040  ± 
.033  ± 

.010 
.007 

.058 

+   .172 
-   .006 

+  .202 

c 

W.  B.  3'"  147   .... 

354 

Lalande  7443 .... 

3  56.5 

+35    2 

8.6  G5 

2.200 

+ 

.045  ± 

.009 

.027 

+  1.767 

+  1.724 

a,d 

355 

5  Tauri 

4  17.2 
4  29.8 

+  17  18 
+  52  42 

3.9  KO 
8.5  K6 

.115 
.53 

+ 
+ 

.014  ± 
.081   ± 

.008 
.010 

.015 
.095 

+  .096 
+  .336 

+  .110 
+  .272* 

c 
a 

356 

A  Oe  4961    

(135) 
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No. 

Star 

R.A. 1900 

Decl.1900    f^f,,Zt 

/' 

■ 

Parallax 

Proper-motion 

1 

■z 

VlcCormick 

1 

Spect. 
-0".005 

Observed         Boss 

h       m 

0           , 

„ 

„ 

' 

, 

1 

357 

Groom.  864    

4  34.5 

+41  57 

7.3  GO 

0.690 

+  0.022  ±0.011  1 

0.041 

+  0.560  1 

+  0.548* 

c 

358 

Boss  1131 

4  42.8 

+  18  32 

6.8  G5 

.440 

+ 

.006  ± 

.010 

.039 

+  ■ 

.177 

+ 

.186 

c 

359 
360 

Lalande  9109  .... 
A.G.  Leid  1812   .  . 

4  46.2 

+  13  29 
+  34    7 

6.7  F5 

.13 

+ 

.016  ± 

.013 

.002 

_ 

.010 

c 

4  51.3 

8.0  G5 

.60 

.003  ± 

.011 

.043 

+ 

.569 

+ 

.572* 

a 

361 

13  Ononis 

5    2.2 

+  9  21 

6.3  GO 

.381 

+ 

.042  ± 

.009 

.053 

— 

.037 

+ 

.005 

c 

362 

Lalande  11196  Br 

5  50.3 

+  13  56 

6.5  G5 

.629 

+ 

.035  ± 

.007 

.064 

+ 

.382 

+ 

.405* 

c 

363 
364 

Lalande  11196  F< 
1  Geminorum  .... 

5  50.3 

+  13  56 
+  23  16 

8.5  G5 

.000  ± 

.009 

_ 

.041 

c 

5  58.0 

4.3  G5 

.108 

+ 

.033  ± 

.011 

.031 

- 

.036 

- 

.008 

a 

365 
366 

Sinus 

6  40.7 
6  47.4 

-16  35 
-   5    3 

-1.0  AO 
6.8  K2 

1.316 

.582 

+ 
+ 

.354  ± 
.059  ± 

.008 
.009 

.371 
.110 

- 

.478 
.555 

- 

.526 
.583* 

a 

Lalande  13284  .  .  . 

367 

A.G.  Bonn  5621 .  . 

6  49.5 

+40  13 

8.3  K5 

.43 

+ 

.026  ^ 

.011 

.058 

+ 

.121 

+ 

.126* 

c 

368 

W.B.  &'  1500 

6  51.4 

+   1  19 

7.7  G5 

.570 

+ 

.038  ± 

.008 

.033 

+ 

.011 

.000* 

b 

369 

Lalande  15394  .  .  . 

7  49.0 

+  19  31 

7.9  K2 

.471 

+ 

.039  =t 

.014 

.047 

+ 

.084 

+ 

.110* 

a 

370 

Lalande  15547  . .  . 

7  53.6 

+  21    9 

8.6  G5 

.573 

+ 

.014  ± 

.008 

.020 

+ 

.200 

+ 

.179* 

c 

371 

Boss  2236 

8  20.7 

+46    0 

6.3  GO 

.362 

+ 

.057  ± 

.012 

.047 

— 

.025 

— 

.032 

c 

372 

32  Lyncis 

8  26.9 

+36  46 

6.1  F2 

.139 

+ 

.025  ± 

.010 

.020 

- 

.164 

- 

.139 

e 

373 
374 

A.G.  Camb.  3181 
Lalande  16904  .  .  . 

8  28.3 
8  33.1 

+  54    4 
+  56    3 

8.7  KO 

.93 

_ 

.004  ± 

.011 

.002 



.012 

b 

8.1  GO 

.470 

— 

.011   ± 

.015 

.024 

- 

.234 

- 

.284* 

c 

375 

10  Urs.  Maj 

8  54.2 

+42  11 

4.1  F5 

.504 

+ 

.073  =t 

.008 

.001 

- 

.414 

-" 

.431 

c 

376 

81  Cancri 

9    6.8 

+  15  24 

6.4  G5 

.576 

+ 

.042  ± 

.008 

.001 

— 

.552 

— 

.527 

d,a 

377 

11  Leo  Minor.  . .  . 

9  29.7 

+  36  16 

5.5  KO 

.753 

+ 

.106  ± 

.009 

.091 

— 

.705 

- 

.704 

378 

W.B.  9"  954 

9  46.1 

-11  49 

9.3  K 

1.95 

+ 

.078  ± 

.010 

+  1.1G1 

+  1.175* 

d 

379 

Groom.  1596 

9  54.9 

+  56    6 

8.3  G5 

.498 

+ 

.030  ± 

.010 

.025 

- 

.163 

- 

.197* 

380 

Lalande  19821  ... 

10    6.3 

+  24  15 

8.6  GO 

.414 

+ 

.016  =t 

.014 

.021 

- 

.397 

- 

.410* 

e 

381 

39  Leonis 

10  11.7 

+  23  36 

5.8  F5 

.423 

+ 

.056  ± 

.011 

.033 

— 

.385 

— 

.409 

e 

382 

W.B.  10'' 234 

10  14.2 

+  20  22 

9.2  Mdp 

.490 

+ 

.215  ± 

.007 

.177 

— 

.491 

- 

.488* 

383 

Groom.  1646 

10  21.9 

+49  19 

6.5  Go 

.898 

+ 

.039  ± 

.009 

.061 

+ 

.097 

+ 

.086 

c,d 

384 

Pi.  lOh  196 

10  27.7 

+  49  42 

7.6  F8 

.292 

+ 

.051   ± 

.011 

.017 

+ 

.291 

+ 

.313 

b,d 

385 

W.B.  10>>  520  ... . 

10  31.6 

-11  42 

5.8  F8 

.734 

+ 

.042  ± 

.012 

.037 

+ 

.265 

+ 

.265 

b 

386 

Boss  2921 

10  53.9 

+36  40 

6.2  Ma 

.095 

+ 

.018  ± 

.016 

.004 

+ 

.072 

+ 

.077 

b 

387 

/3f?.C.  5695,  B  .  . 

1 1     5.5 

+  31     0 

9.8  Ma 

.623 

+ 

.078  ± 

.008 

.058 

+ 

.595 

+ 

.590* 

c 

388 

ffG.C.  5695,  A   .  .  . 

11    5.6 

+  31    0 

8.8  K5 

.623 

+ 

.087  ± 

.008 

.078 

+ 

.634 

c 

0G.C.  5695  Mean 

+ 

.082  ± 

.006 

389 

83  Leonis  Br 

11  21.7 

+  3  33 

6.2  KO 

.743 

+ 

.040  ± 

;oi9 

.053 

- 

.703 

- 

.721 

b 

390 

83  Leonis  Ft 

83  Leonis,  Mean 

11  21.7 

+  3  32 

7.9  KO 

.736 

+ 
+ 

.029  ± 
.034  ± 

.018 
.013 

.053 

.698 

.717 

b 

391 

62  Vrs.  Maj 

11  36.4 

+  32  18 

5.7  F5 

.347 

+ 

.036  ± 

.012 

.037 

- 

.352 

- 

.344 

c 

392 

Lalande  22701  . .  . 

12    0.1 

-   0  57 

8.4  G5 

.531 

- 

.011   ± 

.010 

.035 

- 

.512 

- 

.528* 

c 

393 

Lalande  22954  .  . 

12  10.0 

-   9  44 

6.1  F8 

1.024 

+ 

.012  ± 

.011 

.028 

+ 

.072 

+ 

.051* 

c 

394 
395 

7)  Corvi 

12  26.9 
12  40.3 

-15  38 
+  39  40 

4.4  FO 
6.0  F8 

.444 
.375 

+ 
+ 

.037  ± 
.065  ± 

.013 
.010 

.037 
.033 

.402 
.314 

.440 
.352 

a 
a 

10  Ca7tis  Ven.   .  .  . 

396 

33  Viryinis 

12  41.3 

+  10    6 

1 

5.9  KO 

.531 

+ 

.015  ± 

.009 

.041 

+ 

.333 

+ 

.271      c 
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R.A.  1900   Decl.  1900 


Mag.  and 
Spectrum 


Parallax 


McCormick 


Spect. 
-0".005 


Proper-motion 


Observed 


397 
398 
399 

400 
401 
402 
403 
404 

405 
406 
407 

408 

409 
410 
411 
412 


413 
414 
415 
416 
417 

418 
419 
420 
421 


422 
423 
424 
425 
426 

427 
428 
429 
430 
431 


432 
433 


B.D.  r2756.. 
5  Virginis .... 
Lalande  25012 

^  Virginis .  .  .  . 

T  Eootis 

14  Bootis .  .... 
Lalande  26630 
Boss  3736 

Lalande  27137 
Lalande  27742 
Lalande  27743 
LoZ.27742-3,Mean 
5  Eootis .  ..... 


39  Ser-pevtis.  .  . 
Lalande  29330  . 
a  Co?-once,  Br. .  . 
a-  Coroner,  Ft.  . . 
<T  Ccroria". Mean 

Lalande  30024  . 
Lalande  30044  . 

72  Herculis 

26  Draco 

Lalande  32390  .  . 

7/  Serpenlis 

A.G.  Lud.  6797  . 

S  2398  Br 

S  2398  Ft 

2  2398  Me.\n  .  .  . 

Munich   18180.  . 

Erad.  2388 

Munich  18816  . . 
Groom.  2875 .  .  .  . 
5  Sag-ittw 

t  Draco 

Lalande  38380  . . 

15  SagiitcE 

A.G.Harv.I  6486 
A.G.Harv.I  6487 
A.G.Harv.I  6486- 


12  45.6 

12  50.6 

13  26.6 

13  29.6 

13  42.5 

14  9.3 
14  31.7 
14  33.6 

14  48.9 

15  8.3 
15    8.3 

15  11.5 

15  48.5 

16  1.2 
16  10.9 
16  10.9 


16  24.5 

16  25.6 

17  16.9 


17  34.0 

17  39.1 

18  16.1 

18  37.1 

18  41.8 

18  41.8 

18  53.1 

18  53.3 

19  2.2 

19  29.5 

19  42.9 

19  48.5 

19  59.5 

19  59.6 

20  15.9 

20  15.9 

Mean 

+  1  44 
+   3  56 

-    1  48 

-05 
+  17  57 
+  13  26 
-11  53 

+  18  44 

+  19  34 
+  19  39 
+  19  40 

+33  41 

+  13  31 
+  10  57 
+34    7 

+34    7 


+  18  38 
+  4  27 
+32  36 
+  61  57 
+  21  41 

-  2  55 
+31  28 
+  59  29 
+  59  29 


9.5- 

3.7  Ma 

7.3  G5 

3.4  A2 

4.5  F5 

5.5  r8 
6.2  F8 
6.0  KO 

6.0  KO 

6.8  G6 

7.6  G7 

3.5  KO 

6.2  GO 
8.5  G5 
5.8  GO 

6.7  GO 


7.0  KO 
7.4  GO 
5.4  GO 

5.3  r8 

7.4  KO 

3.4  KO 
8.8  K3 
8.8  K5 
9.3  ... 


+  5  49    9.7  K5 


+  32  46 
+  7  29 
+58  23 

+  18  17 

+  70  1 
+  29  38 
+  16  48 
+55  5 
+55    5 


A  Oe.  20452 20  17.7     -21  40 

Lalande  39866  ...    20  34.6     +  4  37 


5.2  GO 
9.5  K5 

6.7  K4 

3.8  Ma 

4.0  G2 
5.7  G7 

5.9  Gl 
7.4  F3 
6.0  A 


i.2  F6 
.4  K5 


0.479 


.288 
.487 
.267 
.946 
.096 

.485 
.668 
.654 

.155 

.586 
.491 
.302 
.302 


.508 

1.450 

1.060 

.563 

.623 


.82 
2.307 
2.307 


1.247 
.235 
.812 
.664 
.009 

.087 
.853 
.578 

.021 


1.182 
.844 


+  0.006  ±0.011 
+  .008  ±  .009 
+   .019  ±   .009 

+  .037  ±  .013 

+  .070  =t  .008 

+  .040  ±  .013 

+  .048  =fc  .010 

+  .011  ±  .008 

+  .079  ±  .012 

.000  ±  .010 

+   .013  ±  .012 

+   .006  =t  .009 

+  .018  =t  .008 

+  .059  =t  .010 

+  .005  ±  .010 

+  .064  ±  .014 

+  .041  ±  .010 

+  .049,  ±  .008 

+  .051  =t  .010 

+  .013  ±  .011 

+  .071  ±  .011 

+  .071  ±  .010 

+  .052  ±  .009 

+  .070  ±  .011 

+  .030  ±  .011 

+  .312  ±  .009 

+  .293  ±  .011 

+  .304  ±  .007 

+  .092  ±  .009 

+  .057  ±  .008 

+  .013  ±  .010 

+  .026  ±  .009 

+  .013  ±  .010 

-  .004  ±  .009 
+  .042  ±  .009 
+  .029  =t  .010 

-  .017  ±  .010 

-  .021   ±  .009 

-  .019  ±  .007 

.000  ±    .012 
+   .071.  ±    .009 


0.016 
.047 


.045 
.047 
.020 
.010 

.090 
.025 
.028 


.010 


+0.036 

-  .480 

-  .888 

-  .286 

-  .463 

-  .232 

-  .906 

-  .024 

-  .440 

-  .570 

-  .564 


+   .061 


-0.470 

-  .846* 

-  .286 

-  .485 

-  .260 

-  .871 

-  .028 

-  .435* 

-  .598* 

-  .589* 


+  .089 


6,d 


d 
b,a 
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Xo. 

Star 

R.A.  1900 

Decl.  1900 

Mag.  and 
Spectrum 

/< 

Parallax 

Proper 

-motion 

o 

McCormick 

Spoct. 
-0".005 

Observed 

Boss 

h      m 

o           , 

„ 

„ 

„ 

„ 

'„ 

434 

^Cygni 

21     1.3 

+43  32 

3.9  K2p 

0.007 

+  0.014 

±0.010 

-0.001 

-0.003 

+  0.007 

a 

435 

W.B.  21''  97 

21    7.4 

+  17  21 

7.3  F4 

.915 

+ 

.051 

±    .011 

.017 

- 

.152 

-   .117* 

b 

436 

A.G.  Hcrlin  83()lj 

21  39.7 

+  21  53 

9.1  KO 

.65 

+ 

.032 

±    .010 

.020 

- 

.394 

-   .381* 

c 

437 

W.B.  22''  82 

22    5.8 

+22  18 

8.8  K4 

.60 

_ 

.005 

±    .010 

.031 

— 

.557 

-   .590* 

c 

438 

a  Pegasi 

22  47.3 

+  9  18 

5.3  F4 

.516 

+ 

.017 

±    .012 

.033 

+ 

.505 

+   .511 

c 

439 

Fed.  4371  

23    1.2 

+  67  52 

7.5  G6 

.615 

+ 

.052 

±    .006 

.039 

+ 

.570 

+   .592* 

c 

440 

Lalande  45292  . .  . 

23    4.0 

-   2  48 

8.3  K4 

.587 

+ 

.043 

±    .012 

.039 

+ 

.607 

+  .582* 

c 

441 

6  Andromedce.  .  .  . 

23    5.8 

+  13    0 

5.8  F5 

.275 

+ 

.052 

±    .007 

.033 

- 

.193 

-   .201 

c 

442 

W.B.  23'- 819 

23  40.0 

+  2<)    0 

8.9  Kl 

.91 

+ 

.005 

±    .012 

.024 

+ 

.965 

+   .90S* 

d 

a     partially  measured  by  Miss  Darkow 
b     partially  measured  by  Miss  Hawes 
c     partially  measured  by  Miss  France 


d     partially  measured  by  Miss  Mott 
e     entirely  measured  by  Miss  Mott 

Leander  McCormick  Observatory,  University  of  Virginia, 
July  IS,  1922. 


OBSERVATIONS   OF  THE   SATELLITES   OF  SATURN,   1912-L3, 

with  the  26-inrh  refractor  of  the  u.  s.  naval  observatory, 

By  H.  E.  burton. 

[Communicated  by  Captain  W.  D.  MacDocgall,  U.  S.  Navy.  Superintendent   of  \J.  S.  Naval  Ob-servatory] 


Date 

W.  M.  T. 

P 

W.  M.  T. 

s 

Com  p. 

Seeing 

Power  and 
Ilium, 

Remarks 

Mhnas-Telhii-f 

1912  Sept. 

20 

14    14  30 

78.40 

14    16  26 

70.46 

4  ,4 

3 

495b,  Brt. 

20 

15     4  28 

73  74 

15     6   10 

65 .  02 

4  ,4 

3 

495b,   Brt. 

Oct. 

4 

11   55     5 

278.86 

11   56   18 

17.79 

4,4 

2 

495b,   Brt. 

4 

13  53  24 

285.55 

13  54  15 

16.05 

4,4 

3 

495b,   Brt. 

5 

14     0     3 

89.61 

14     2   10 

77.43 

4  ,4 

3 

4951),   Brt. 

10 

15  50     3 

255.85 

15  51    12 

54 .  02 

4  ,4 

2 

495b,  Brt. 

15 

12  53  50 

296.73 

12  52  57 

26.83 

4  ,4 

3-4 

495b,  Brt. 

28 

14  25  20 

348 . 66 

14  24  56 

21.15 

1  ,4 

2 

495b,   Brt. 

29 

14  43  48 

240.67 

14  46   16 

51.26 

4  ,4 

3 

495b,   Brt. 

Nov 

9 

12  11  29 

294.81 

12   11   56 

24.48 

i,4 

3-4 

495b,   Brt. 

18 

10  46  52 

208.74 

10  48  30 

20.53 

4,4 

2 

495b,  Brt. 

18 

11  32  35 

302.34 

11  33  17 

20.54 

4,4 

2 

495b,  Brt. 

22 

13  17  23 

315.05 

13  17  43 

13.10 

4,4 

4 

495b,  Brt. 

30 

12  16  48 

263.74 

12  17  43 

61.86 

4,  4 

2 

367p,  Brt. 

Dec. 

9 

11  51  27 

328.13 

11  53  47 

11.46 

4,4 

4 

495p,   Brt. 

14 

8  34  32 

89.25 

8  34     2 

75.43 

1,4 

2 

495b,   Bit. 

Interrui)t('cl  by  haze. 

28 

9  39  58 

336.21 

9  41     1 

14.25 

4,4 

3 

495b,   Brt. 

30 

9  17  24 

309 . 55 

9  18  49 

23.18 

4  ,4 

3 

495b,  Brt. 

1913  Jan. 

14 

9  29  50 

337.47 

9  30  52 

15.87 

4  ,4 

2 

495b,   Brt. 

N"-  808 


THE     A  S  T  R  O  N  0  :\I  I  C  A  L    JOURNAL 


139 


W.  M.  T. 


W.  M.  T. 


Comp. 


Seeing 


Power  and 
lUum. 


Remarks 


M  imas-Rhea 


1912  Sept.  20 

20 

Oct.      4 

4 


15 

28 
29 
29 

Nov.     9 

18 
18 
22 
30 
Dec.   13 

28 

28 

1913  Jan.    14 


14  39 

8 

280.50 

15  31 

51 

279.39 

12  50 

21 

247 . 19 

14  17 

4 

246.37 

14  28 

40 

117.56 

12  23 

20 

95.40 

15  19 

29 

116.26 

13  G 

59 

57.63 

15  11 

7 

57 .  96 

12  31 

27 

268 . 08 

11  11 

32 

261.90 

11  50 

57 

260.04 

13  41 

1 

283 . 00 

12  44 

23 

11.80 

9  53 

55 

80.31 

8  43 

45 

313  37  ' 

10  9 

18 

313  07 

9  47 

48 

71.04  ! 

14  39 

34 

64.35 

k4 

4 

3 

15  32 

7 

70 .  83 

4 

4 

3 

12  51 

5 

59.12 

4 

4 

2 

14  15 

30 

51.55 

4 

4 

3 

14  29 

14 

62.05 

4 

4 

3 

12  24 

3 

59.58 

4 

4 

3-4 

15  20 

16 

45.84 

4 

4 

2 

13  7 

59 

49.19 

4 

4 

3 

15  11 

52 

41.15 

4 

4 

3 

12  33 

5 

61.61 

4 

4 

4 

11  13 

22 

115.59 

4 

4 

2 

11  52 

28 

111.82 

4 

4 

2 

13  41 

16 

51.07 

4 

4 

3 

12  44 

11 

41.98 

4 

4 

2 

9  54 

31 

116.20 

4 

4 

3 

8  45 

17 

34.14 

4 

4 

3 

10  11 

1 

38.52 

4 

4 

3-4 

9  48 

30 

93  80 

4 

4 

2 

495b, 

Brt. 

495b, 

Brt. 

495b, 

Brt. 

495b, 

Brt. 

495b, 

Brt. 

495b, 

Brt. 

495b, 

Brt. 

495b, 

Brt. 

495b, 

Brt. 

495b, 

Brt. 

495b, 

Brt. 

495b, 

Brt. 

495b, 

Brt." 

495b, 

Brt. 

367b. 

Brt. 

495b, 

Brt. 

495b, 

Brt. 

495b, 

Brt. 

Enceladus-Tethys 


1912  Oct. 


1913  .Jan. 


5 
10 
16 
26 
28 

Nov.  9 
18 
22 
30 

Dec.     9 


14 
20 
30 

4 
4 


14  20 

17 

112  39 

12  4 

34 

279.13 

13  42 

28 

272.45 

12  23 

48 

355,47 

14  43 

0 

317.83 

11  57 

12 

122.26 

12  11 

42 

268.16 

15  54 

14 

115.36 

11  55 

10 

79.05 

13  54 

20 

321.33 

14  14 

33 

275.89 

13  7 

5 

65.85 

11  17 

22 

270.04 

10  16 

11 

258.16 

10  28 

27 

358.90 

11  22 

24 

100.59 

7  49 

42 

71.66 

11  8 

26 

270.65 

9  25 

19 

73.78 

10  20 

56 

68.78 

14  20  47 

63.96  , 

4,4 

3-4 

■495b,  Brt. 

12  5  17 

62.63 

4,4 

3 

495p,  Brt. 

13  43  27 

65.18 

4,4 

3 

495p,  Brt. 

12  24  25 

14  58 

4,4 

2 

495p,  Brt. 

14  43  50 

20.15 

4,4 

3 

495p,  Brt. 

11  58  22 

46.56 

4  ,4 

3 

495p,  Brt. 

12  12  49 

73.99 

4  ,4 

3-4 

495p,  Brt. 

15  55  55 

61.83 

4,4 

3 

495p,  Brt. 

11  56  30 

85.23 

4,4 

4 

367p,  Brt. 

13  55  21 

10.32 

4,4 

2 

495p,  Brt. 

14  15  19 

75.59 

4,4 

3-4 

;:67p,  Brt. 

13  8  23 

29.05 

4  ,  4 

2 

495p,  Brt. 

11  19  16 

26.75 

4,4 

3 

495p,  Brt. 

10  17  21 

85.33 

4,4 

2 

C67p,  Brt. 

10  28  29 

31.55 

4,4 

3-4 

3B7p,  Brt. 

11  22  26 

67.72 

4,4 

2 

3G7p,  Brt. 

7  51  22 

75.84 

4,4 

3 

367p,  Brt. 

11  9  24 

87.87 

4,4 

3-4 

367p,  Brt. 

9  25  22 

77.47 

4,4 

3-4 

367p,  Brt. 

10  22  14 

71.04 

4,4 

4 

.367p,  Brt. 

Haze. 
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Date 

W.  M.  T. 

P 

W.  M.  T. 

s 

Comp. 

Seeing 

Power  and 
Ilium. 

Kemarks 

Tdlrys-D 

ione 

h       ni        8 

o 

h       11.        s 

It 

1912  Oct. 

1 

14  42  47 

71.31 

14  43  44 

27.66 

4,4 

3-4 

495p,   Brt. 

2 

12  26  o.i 

60.99 

12  27  55 

17.69 

4,4 

3 

495p,   Brt. 

2 

14     3  37 

53.48 

14     4  22 

17.87 

4,4 

3 

495p,   Brt. 

5 

12  25  26 

284 . 78 

12  26  49 

91.36 

4  ,4 

3 

495p,   Brt. 

7 

11  51  24 

7.88 

11   51   45 

18.71 

4  ,4 

4 

495p,   Brt. 

10 

12  44  48 

55.95 

12  47     9 

68.58 

4  ,4 

3 

495p,   Brt. 

10 

14  24  14 

43.51 

14  25     1 

58.41 

4  ,4 

2 

495p,   Brt. 

16 

16  18  26 

283.15 

16  19  57 

91.43 

4  ,4 

3 

495p,  Brt. 

26 

12  19  52 

82.83 

12  20  29 

14.03 

4  ,4 

4 

367p,   Brt. 

28 

13  10  46 

199.24 

13  11  55 

44.36 

4  ,4 

4 

367p,   Brt. 

Nov 

9 

15  17  51 

61.48 

15  18  43 

70.90 

4,4 

3 

367p,  Brt. 

20 

13  12  46 

79,11 

13  14     9 

42.49 

4,4 

2 

495p,  Brt. 

22 

12  48     7 

103  74 

12  48  42 

97.04 

4,4 

3 

367p,  Brt. 

29 

11      1  41 

268 . 09 

11     2  53 

110.30 

4  ,4 

3 

495p,  Brt. 

Recorded   as   Enceladus- 

29 

12  17     5 

264.47 

12  16  45 

108.90 

4,4 

4 

367p,  Brt. 

Tethys,  with  /)  differing- 
[180°. 

30 

10  46     8 

99.63 

10  48     0 

74  06 

4,4 

2 

367p,   Brt. 

Dec. 

13 

11  31  59 

196.74 

11  32     7 

18.12 

4,4 

3 

495p,  Brt. 

14 

9  55  34 

130.66 

9  55  48 

10.71 

4,4 

2-3 

495p,  Brt. 

19 

8  50     4 

109.89 

8  50  25 

38.17 

4  ,4 

3 

367p,   Brt. 

20 

8  15  43 

83.03 

8  16  42 

15.29 

4  ,  4 

3-4 

495p,   Brt. 

1913  Jan. 

1.5 

8  16  38 

266.96 

8  17  22 

86.95 

4  ,  4 

2-3 

367p,  Brt. 

30 

8     4  16 

45.39 

8     4  20 

41.75 

4  ,  4 

3 

307p,   Brt. 

Feb. 

1 

9     8  19 

228.59 

9     8  50 

18.15 
Tcthijs-Rh 

4  ,  4 

fa 

3 

495p,   Brt. 

1912  Oct. 

1 

15     6  45 

91.26 

15     7  40 

40.86 

4,4 

3-4 

495p,   Brt. 

2 

12  47  38 

83.00 

12  49     4 

92.85 

4,4 

3-4 

495p,   Brt. 

2 

14  24  28 

79.85 

14  25  37 

95.86 

4,4 

3 

495p,   Brt. 

.5 

13   13  40 

221.61 

13  14  22 

39.51 

4,4 

3 

495p,   Brt. 

7 

12  22   13 

317.64 

12  23   10 

48.34 

4  ,  1 

4 

495p,  Brt. 

. 

10 

13     8     0 

93.38 

13     8  51 

107.63 

4,4 

3 

495p,   Brt. 

10 

14  43     0 

90.13 

14  44    IS 

105.05 

4,4 

2 

495p,  Brt. 

16 

16  43  26 

327.26 

16  44  43 

61.89 

4,4 

3 

495p,   Brt. 

26 

12  45  42 

270.50 

12  46  36 

125.87 

4,4 

4 

367p,  Brt. 

29 

13  58     3 

62.39 

13  58   18 

99.50 

4,4 

3 

367p,   Brt. 

Nov 

9 

14  56  58 

254.26 

14  57  41 

36.52 

4,4 

3 

367p,  Brt. 

20 

14  11  57 

97.81 

14    13  35 

120.27 

4,4 

2 

367p,  Brt. 

22 

11  39  19 

271.89 

11  40  13 

44.30 

4,4 

3 

495p,   Brt. 

29 

12  40  58 

109.72 

12  42  47 

47.83 

4,4 

4 

495p,  Brt. 

30 

11     6  56 

61.88 

11     7  38 

96.36 

4,4 

2 

367p,  Brt. 
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Date 

W.  M.  T. 

V 

W.  M.  T. 

s 

Comp. 

Seeing 

Power  and 
lUum. 

Remarks 

)i       ra        8 

Tethys-Rhea  {Continued) 

1912  Dec. 

14 

9     7  32 

307.90 

9     8  34 

66.12 

4,4 

2 

367p,   Brt. 

19 

8  21  25 

340.34 

8  21  51 

40.38 

4,4 

3 

367p,   Brt. 

27 

10  33  35 

2(K23 

10  35  28 

47.08 

4,4 

4 

367p,   Brt. 

Windy. 

1913  Jan. 

4 

7  47  24 

138.55 

7  48     3 

35.52 

4,4 

3 

495p,  Brt. 

21 

10   10     1 

236.79 

10  10  46 

83.54 

4,4 

3-4 

367p,   Brt. 

30 

8  25  29 

258.73 

8  26  11 

70.86 

4,4 

3 

367p,   Brt. 

Titan-Hy-perioyi 

1912  Oct. 

15 

15     7  54 

208.171 

15     9     5 

186.55 

4,4 

3 

367b,  Red 

15 

15  42  49 

207.321 

15  44  56 

184.67 

4,4 

3 

388,     Red 

16 

13  56     9 

170.053 

13  59  48 

156.14 

4,4 

2 

367b,  Red 

16 

15     3   11 

168.280 

15     3  46 

156.51 

4,4 

2 

367b,   Red 

Nov 

18 

14  20  29 

66 . 304 

14  20  59 

209.27 

4,4 

2 

367b,  Red 

20 

13  44  29 

7.529 

13  44  13 

126.97 

4,4 

2 

495b,  Red 

Dec. 

9 

11   12  44 

355.736 

11   14  14 

175.07 

4,4 

3 

367b,  Red 

28 

9     7  45 

347.339 

9     8  46 

69.59 

4,  4 

2 

495b,  Red 

28 

10  35  51 

343.852 

10  37  19 

70.31 

4,4 

3 

495b,  Red 

( Hyperion 

30 

10     2  46 

287.961 

10     3     5 

129.60 

4,4 

3 

367b,  Red 

(  very  faint. 

30 

10  34     4 

287.719 

10  34  47 

130.28 

4,4 

3 

367b,   Red 

1913  Jan. 

4 

8   19  41 

254.155 

8  20  17 

88.24 

4,4 

2 

388,     Red 

4 

9  50  57 

253.889 

9  52  49 

87.00 

4,4 

4 

388,     Red 

14 

10  24  33 

197.390 

10  26     4 

89.63 

4,4 

2 

495b,  Red 

Comp:    t  =  transits.     Seeing;    2  =  good,  3   =  fair,  4  =  poor.     Power  and  Ilium.:    b  =  occulting  bar  over 
planet,  p  =  prism,  Brt.  =  bright  field,  Red  =  red  wires. 
Clark  II  micrometer  was  used. 
Value  of  one  revolution    =   9". 9329  +  0".0000  525  (t°  -  50°  F.)  +  0".0255  (l"-.280  -  focal  scale). 

U.  S.  Naval  Observatory,  Washingtoti,  D.  C, 
1922,  July  7. 


CORRIGENDUM 

In  No.  805,  page  118,  for  log.  e  read  9.814601  instead  of  8.814601. 


ERRATA   IX   DECLINATION   CATALOGUE   OF   LEWIS  BOSS, 

U.  S.  Northern  Bound.vry  Commission, 
By   R.   H.   tucker. 


No.      8  Annual  Variation  should  read  19". 9185 

No.  138  Declination  probably  should  read  33". 59 

No.  251  Annual  Variation  should  read  10". 2801 

No.  259  Proper  Motion  should  read  +0".3408 

No.  279  Declination  sliould  read  —10°  IS' 


No.  320     Right  Ascension  should  read  17''  53" 

No.  416     Declination  should  read  +38° 

No.  481     Proper  Motion  should  read  +0".1283 

Lick  Observatory, 
June  23,  1922. 
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OBSERVATIONS  OF   (944)    1920  HZ, 


This  a.storoid,  di.scovcrod  1920  Oct.  31  on  photo- 
graphs obtained  at  Bcrgedorf  by  Baade,  proved  to  be 
of  unusual  interest.  Its  orbit  extending  at  aphelion 
as  far  as  Saturn's  with  an  inclination  of  43°  has  a 
decided  cometary  character.  Yet  at  no  time  did  it 
show  an  appearance  different  from  that  of  the  otlu>r 
asteroids.  I  located  the  object  by  means  of  the  ex- 
cellent ephemerides  published  by  Renaux  {Ephemer- 
ides  Marseilles  No.  555)  and  by  Vick  (A.  N.  5144)  for 
this  years'  opposition,  at  which  time  (April  2)  the 
brigiitness  was  17*'. 

■\Vell-measurable  images  were  obtained  here  with 
the  24"  reflector,  by  moving  the  plate  so  as  to  follow 
the  asteroid's  motion.  Facet's  "Hurricane"  plates 
were  used  throughout.  Exposures  ranged  from  18  to 
60  min.  I  took  some  additional  plates  in  May,  but 
they  no  longer  revealed  the  object  and  I  found  too 
late  that  the  emulsion  then  used  was  of  inferior  quality. 

In  measuring  I  always  referred  the  asteroid  to  three 
stars,    the    astrographic    coordinates    of    which    were 


MADE   WITH   THE   24-INCH   REFLECTOR   OF   THE   YEKKES   OBSERV.WORV, 

By   a.   VAN    BIESBROECK. 

taken  from  tlic  Bordeaux  zones  -1-14°  and  -{-15°.  On 
January  26,  28,  and  March  2,  the  plates  were  taken  by 
Mr.  O.  Stkifve.  The  other  plates  were  exposed  by 
myself  and  I  made  the  measures  and  reductions. 

On  January  28,  1922,  I  observed  the  asteroid  vis- 
ually with  the  4()-inch  rcfraclor  in  the  following  posi- 
tion: 


Jan.  28,  15''  4"'  52'  C.  M.  T. 


Aa  =  -^-10^79, 
A5  =  24". 5. 


relatively  to  Star  Bord 
whence; 


ph.    -1-14°,   13''  28">,Nr.    1.50; 


a  ap]3. 


13''  33" 


0".64     5  app. 
9  .318„. 


+  13° 


37'  38".8. 
0   .644 


I  found  the  object  too  difficult  for  regular  visual 
observations  and  did  not  try  it  again.  The  photo- 
graphic positions  are  as  follows: 


1922 

G.  M.  T. 

1922.0 

AbfiT 

ation 

P;xj;iUactic 
factors 

- 

5 

Jan.  23 
26 

h   m   s 

23  21  48 
22  39  47 

h   m   s 

13  33  33.84 
33  17.16 

+  13  37  19.5 
13  37  22.7 

+  0.18 
0.25 

-  9.0 

-  9.3 

8.066 
8.(36871 

0.626 
0.627 

27 

28 

23  24  8 
22  26  0 

33  8.68 
32  f9.51 

13  37  32.6 
13  37  50.1 

0.27 
0.29 

-  9.4 

-  9.5 

-^.676 
8.760m 

0.627 
0.627 

Feb.  3 

22  5  23 

31  34.63 

13  40  46.4 

0.45 

-10.0 

8.690W 

0.626 

3 

23  3  53 

31  33.84 

13  40  47.9 

0.45 

-10.0 

8.811 

0.627 

25 

22  9  9 

19  48.77 

14  6  49.2 

0.92 

-10.5 

9.168 

0.628 

27 

21  43  26 

18  17.31 

14  9  16.1 

0.96 

-10.5 

9.067 

0.624 

27 

22  7  56 

18  16.38 

14  9  16.7 

0.96 

-10.5 

9.211 

0.630 

Mar.  2 

22  16  0 

15  49.91 

14  13  4.1 

1.02 

-10.4 

9.305 

0.635 

3 

22  25  41 

14  58.64 

14  14  14,1 

1.03 

-10.4 

9.355 

0.640 

3 

22  49  41 

14  57.86 

14  14  16.0 

1 .03 

-10.4 

9.424 

0.649 

8 

22  56  15 

13  10  31.77 

14  19  21.5 

1.11 

-10.1 

9.493 

0.662 

21 

17  39  44 

12  58  3.00 

14  24  11.9 

1 .25 

-  8.9 

9.167n 

0.624 

21 

18  10  44 

58   1.70 

14  24  11.7 

1.25 

-  8.9 

8.947 

0.618 

Apr.  14 
14 

15  18  33 
15  50  57 

34  27.22 
34  25.92 

13  46  47.8 
13  46  42.2 

1.25 
1.25 

-  5.8 

-  5.8 

9.415W 
9.240i! 

0.639 
0.631 

21 

16  40  55 

12  28  27.50 

+  13  22  55.2 

+  1.19 

-  4.8 

8.492 

0.630 
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COMPARISON   OF  STANDARD   STAR  SYSTEMS, 

By  R.  H.  TUCIiER. 


Incidental  to  a  discussion  of  our  meridian  circle 
latitude  results  during  the  past  quarter  of  a  century, 
some  comparisons  of  standard  star  declinations  have 
been  made.  The  first  comparison  tabulated  is  that 
between  the  old  sj^stem  of  Auwers,  which  was  the 
basis  for  the  original  A.  G.  zones,  and  his  new  system, 
derived  about  25  years  later.  Though  the  old  system 
may  be  no  longer  in  service,  the  relation  of  that  system 


to  the  modern   ones   is   of   importance    in   discussing 
modern  observations  of  the  A.   G.   zone  stars. 

The  new  or  revised  system  of  Auweks  has  been 
generally  employed  in  the  reduction  of  the  Lick  Obser- 
vatory work.  Conditions  governing  some  schemes  of 
observation,  such  as  international  cooperation  for  cer- 
tain lists  of  stars,  have  made  necessary  some  depart- 
ures from  this  general  practice. 


AuwEEs  New  System  —  Old  System,  1900 
10°  Zones. 


Decl. 

Stars 

Aa 

A  P.  M. 

A« 

A  P.  M. 

85.3 

10 

+  0.006  sec.  5 

+  o!o003  sec.  5 

+  0.10 

+0.010 

74.9 

51 

+    005 

+          4 

+    10 

^        8 

65.0 

54 

+    004 

+           6 

+    20 

+         8 

55.6 

58 

+    005 

+           6 

+     11 

+        3 

44.8 

61 

+    004 

+          9 

+     18 

1 

35.8 

61 

+  on 

+         11 

-     10 

-       12 

25.3 

63 

+    013 

+         12 

+    09 

4 

15.5 

59 

+    024 

+         12 

-    04 

-       11 

+   5.7 

56 

+    027 

+         13 

+    05 

8 

-   4.9 

50 

+    037 

+         15 

+    03 

9 

15.0 

44 

+    030 

+         15 

+    31 

8 

24.9 

32 

+    029 

+         14 

+    67 

5 

Sum 

599 

Mean 

(12) 

+  0.016  .sec.  5 

+  0.0010  sec.  5 

+  0.14 

(-0.003) 

Average  residual  10°  zone 

3C 

)°  Zones 

±0.13 

75 

(3) 

+  0.005  sec.  5 

+  0.0004  sec.  5 

+  0.13 

+  0.009 

45 

(3) 

+    007 

+           9 

+    06 

3 

+  15 

(3) 

+    021 

+         12 

+    03 

8 

-15 

(3) 

+    032 

+         15 

+    34 

7 
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There  is  nearly  uniform  progression  in  Aa  from  the 
pole  south  to  the  limit  of  deelinations,  —31°.  The 
proper-motions  have  a  similar  progressive  increase, 
and  would  evidently  account  for  Aa  in  a  period  of 
about  twenty  years,  in  most  of  the  10°  zones. 

A  discontinuity  occurs  in  A8  at  +41°,  corresponding 
undoubtedly  to  a  change  in  systematic  errors  at  about 
the  average  latitude  of  the  principal  European  observa- 
tories.* The  change  is  approximately  0".4,  as  will  be 
evident  in  the  summation  of  individual  differences  in 
twelve  groups  of  uniformly  ten  stars  each. 


DECL. 

A5 

DECL. 

A5 

49°.  1 

+  0' 

'.27 

39°.4 

-0."14 

47  .5 

+ 

21 

38.1 

+       01 

45  .() 

+ 

25 

37.1 

-       08 

43  .6 

+ 

24 

34.5 

-       12 

41  .9 

+ 

25 

33.1 

-       21 

41  .0 

- 

14 

31  .2 

OG 

The  discontinuity  in  declination  has  probably 
been  eliminated  in  the  modern  systems.  With  declina- 
tions from  the  old  system,  there  would  be  an  average 
difference  of  0".3  in  the  latitudes  derived  from  the 
stars  between  +30°  and  +40°,  and  those  derived 
from  stars  between  +40°  and  +50°.  In  drawing 
conclusions  from  this  and  subsequent  comparisons  the 
new  system  of  Avwers  will  be  used  as  a  standard  of 
reference,  though  the  errors  may  actually  he  distributed 
partly  in  each  system  of  declination.  The  total  range 
of  A5  in  10°  zones  is  over  0".7,  and  ol)served  latitudes 
would  have  corresponding  differences.  In  the  hourly 
means  of  A3  between  —31°  and  +37°  there  is  a  range  of 
0".4,  and  latitudes  derived  from  stars  in  that  area 
would  present  corresponding  deviations  at  different 
epochs  of  the  year.  The  deviations  in  the  observed 
latitudes  at  the  four  seasons  can  be  illustrated  by  the 
summation  of  A5  in  groups  of  six  hours  each,  between 
—  10°  and  +40°  declination. 


0''  to    .5'' 

83  stars 

A5  = 

=      0' 

.00 

G    to  11 

66  stars 

-0 

.11 

12    to  17 

68  stars 

+  0 

.03 

18    to  23 

72  stars 

+  0 

.09 

There  would  be  a  range  of  0".2  in  the  latitudes  observed 
at  the  four  seasons,  due  to  declination  errors.  In 
the  single  zone  at  +25°  the  quarterly  range  is  a  maxi- 
mum, and  amounts  to  0".4. 

The  mean  differences  of  proper  motion  in  dcH'lina- 
tion  have  a  progression  from  the  pole  to  the  etiuator. 

*There  is  a  discontinuity  in  Bradley's   declinations   near   this 
point,  which  may  account  for  part  of  the  difference. 


On  the  old  system,  latitudes  derived  from  stars  north 
of  50°  would  exhibit  a  progressive  decrease  of  0".007 
per  year,  while  latitudes  derived  from  .stars  south  of  50° 
would  exhibit  a  progressive  increase  of  0".007  per  year. 
In  a  quarter  of  a  century  the  two  combinations  would 
give  apparent  changes  in  latitude  of  0".17  each,  in 
contrary  directions.  Differences  of  declination  and 
of  proper-motion  are  undoubtedly  mainly  due  to  errors 
in  the  older  system.  The  errors  in  our  modern  systems 
are    however    not    to    be     considered     as     negligible. 

The  average  residuals  of  individual  values  of  Aa  and 
A5  from  the  means  of  10°  zones,  between  —30°  and 
+  30°,  are  ±0\021  in  right  ascension,  and  ±0'.26  in 
declination.  Single  residuals  over  0^1  sec  5  in  right 
ascension,  and  over  1".0  in  declination  have  not  been 
included  in  these  figures,  and  the  corresponding  values 
of  Aa  and  A 5  have  not  been  included  in  the  means. 

For  latitudes  derived  from  observations  of  the  same 
circumpolar  stars  at  both  culminations  the  errors  due 
to  the  adopted  declinations  can  be  eliminated  from  a 
series  covering  a  full  year.  The  results  are  however 
affected  by  certain  classes  of  systematic  error,  and  the 
same  procedure  has  not  successfully  eliminated  the 
errors  of  declination  for  our  circumpolar  stars,  as  will 
be  evident  in  these  comparisons. 

The  declination  system  of  Lewis  Boss,  printed  in 
1879  in  the  Report  of  the  U.  S.  Northern  Boundary  Coin- 
mission,  was  undoubtedly  the  best  treatment  of  declina- 
tions that  had  appeared  up  to  that  date.  It  was  adopt- 
ed in  the  American  Ephemeris  for  some  years,  and  was 
employed  by  Newcomb  as  an  intermediate  standard, 
with  which  to  reduce  his  own  normal  s.ystem  of  declina- 
tions, a  quarter  of  a  century  later.  The  computed  cor- 
rection to  the  N.  B.  S.  declination  system  at  the 
equator  was  +0".2  in  1875,  and  +0".3  for  1900. 
The  AS  has  been  carried  forward  to  1900,  with  the 
differential  proper-motions  for  each  10°  zone. 

The  computed  differences  between  this  early  system 
and  the  recent  Preliminary  General  Catalogue  of  the 
same  author  have  been  tabulated  below. 

If  the  declinations  of  the  N.B.S.  were  still  used, 
the  latitudes  derived  from  observations  of  these  stars 
would  exhibit  a  progressive  decrease  of  0".005  per 
year,  or  0".13  in  a  quarter  of  a  century.  This  conclu- 
sion of  course  is  based  upon  the  adoption  of  the  proper- 
motions  of  AuwERs.  Observed  latitudes  would  exhibit 
a  progressive  decrease  of  0".003  per  year,  by  compari- 
son with  the  proper  motions  of  the  P.G.C.  The  10° 
zones  for  1875  have  a  range  of  0".2,  and  those  of  1900 
have  a  range  of  0".3.  The  hourly  means  have  an 
average  residual  of  =tO".03,  and  the  range  is  nearly 
0".2  for  the  epoch  1875.  Combinations  of  six  hours 
each. 
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AuwERs  —  Boss  N.  R.  S. 


Boss  P.  G.  C.  —  N.  B.  S. 


1S7.5 

1  ()()() 

1900 

Decl. 

Stai-s 

A  5 

A  P.  M. 

A  0 

Decl. 

A  S 

85.7 

7 

-0.04 

+  0.0026 

+  0.02 

85 

-0.06 

74.2 

22 

+    05 

+        50 

+    17 

75 

+     15 

64.9 

22\ 

+    11 

+        62 

+    26 

65 

+    24 

55.7 

35 

+    12 

+        60 

+    27 

55 

+    22 

45.4 

39 

+    15 

+         37 

+    24 

45 

+     14 

35.4 

33 

+    17 

+         62 

+    33 

35 

+     11 

25.7 

39 

+    17 

+         66 

+    34 

25 

+     12 

15.0 

30 

+    02 

+         27 

+    09 

15 

-    OS 

+   6.3 

28 

+     10 

+         60 

+    25 

+   5 

+     14 

-   4.8 

18 

+    01 

+         13 

+    04 

-   5 

-    05 

15.2 

10 

+    07 

+        77 

+    26 

15 

+     16 

25.8 

10 

+    06 

+         83 

+    27 

25 

+    23 

Sum 

293 

Mean 

(12) 

+  0.08 

+  0.0052 

+  0.21 

(12) 

+  0.11 

Average  residual 

±0.05 

±0.09 

±0.08 

75 

(3) 

+  0.04 

+  0.0046 

+  0.15 

+  0.11 

45 

(3) 

+     15 

+         53 

+    28 

+     16 

+  15 

(3) 

+     10 

+         51 

+    23 

+    05 

-15 

(3) 

+    05 

+         58 

+     19 

+     11 

0»  to    5" 

76  stars 

6    to  11 

57  stars 

2    to  17 

76  stars 

8    to  23 

85  stars 

A5  =  +0."087 
+  091 
+  124 
+       116 


The  average  residual  of  a  single  A8  from  the  zone  means 
is  ±0".14.  The  average  residual  of  single  proper- 
motion  differences  is  ±0".0057. 

In  the  following  comparison  with  Newcomb  the  dif- 
ferences of  proper-motions  have  not  been  tabulated. 
The  mean  differences  are  quite  insensible,  and  the 
average  differences  are  ±0-\00035  =  0".005  in  right 
ascension,  and  ±0".003  in  declination.  The  average 
residual  of  10°  zones  is  ±0".08,  and  the  range  is  0".25. 
The  hourly  means  of  A6  between  —30°  and  +37°  have 
an  average  residual  of  ±0".05,  and  the  range  is  close 
to  0".3.     Combinations  of  sL\  hours  each. 


0'>  to    5'> 
6    to  11 
12    to  17 
18    to  23 


104  stars 

.  86  stars 

87  stars 

98  stars 


A5  =  -0."16 

-  11 

-  15 

-  09 


The  average  residuals  of  single  difl'erences  from  the 
zone  means  are  ±0^013  in  right  ascension,  and  ±0".15 
in  declination. 

A  comparison  between  Auwers  and  Boss  for  the 
epoch  1910  was  published  by  Benjamin  Boss  in  No. 
615  of  the  Astronomical  Journal.  It  is  in  essential 
agreement  with  the  comparison  printed  in  No.  323  of 
our  Bulletins,  for  a  limited  number  of  stars.  Our 
Bulletin  also  included  a  comparison  with  Newcomb, 
for  the  same  stars.  The  comparison  made  by  Mr. 
Boss  has  been  arranged  here  to  conform  to  the 
other  tables.  The  10°  zones  have  an  average  residual 
of  ±0".05,  and  the  range  is  0".20.  The  average 
residual  of  hourly  means  of  A5  between  —20°  and  +30° 
is  ±0".05,  and  the  range  is  over  0".2.  Combinations 
of  six  hours  each. 


0'^  to    5'' 
6    to  11 
12    to  17 
18    to  23 


A5 


+  0."07 
+  19 
+  20 
+       19 


The  average  residuals  for  single  stars,  as  given  in  our 
Bulletin,  are  ±0'.010  in  right  ascension,  and  ±0".09  in 
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(loclination,  for  tlie  area  between  —31°  and  +37°  dec- 
lination. The  mean  difference  of  proper-motion.s  in 
declination  is  0".002  per   year.     Compared    with    th(> 

ArwEK.s  —  Nkwcomb,   1900 


proper-motions  of  Au\veu.s  those  of  Boss  wouki  pro- 
duce a  decrease  of  0".05  in  the  observed  latitudes,  in 
a  quarter  of  a  century. 

AuwEus  —  Boss  P.  0.  C,   1910 


Decl. 

.St.irs 

Ao 

A5 

Aa 

Aa 

85°2 

10 

+  0.004  sec.  5 

-0.04 

-0.004  sec.  5 

+  0.10 

74.8 

50 

-     012 

+    02 

-     008 

+    04 

64.9 

53 

-     012 

+    01 

-     006 

+    04 

55.6 

58 

-     019 

-     20 

-     001 

+    07 

44.9 

62 

-     015 

-     14 

+    005 

+     12 

35.6 

60 

-     006 

-     04 

+    003 

+    24 

25.3 

63 

-     007 

-     03 

+    002 

+    24 

15.0 

()0 

-     005 

-     10 

000 

+     19 

+  5.7 

56 

-     004 

-     IS 

000 

+     13 

-  4.9 

54 

-     003 

-     23 

000 

+     11 

15.1 

51 

+    005 

—     22 

-     003 

+     12 

25.4 

51 

+    004 

-     05 

-     C17 

+    06 

Sum 

628 

1 

^lean 

(12) 

-0.006 

-0.10 

■    -0.003 

+  0.12 

Average  re 

sidual  10°  zoi 

le 

±o.os 

±0.05 

75 

(3) 

-0.007 

0.00 

-0.00() 

+  0.06 

45 

(3) 

-    013 

-     13 

+    002 

+     14 

+  15 

(3) 

-     005 

-     10 

+    001 

+     19 

-1.") 

(3) 

+    002 

-     17 

-     007 

+     10 

Some  conclusions  may  be  drawn  as  to  the  respective 
precision  of  the  catalogues  which  have  been  compared. 
The  probable  errors  for  single  stars,  each  with  respect 
to  its  own  system,  have  been  estimated  as  follows,  and 
the  corresponding  weights  have  been  assigned. 


R.   A. 

Decl. 

\Vt 

AuwERs  Old  System 

+  0'.017 

±()".21 

1 

Boss  N.B.S. 

0  .10 

5 

AuwERS  New  Svstem 

0  .006 

0  .07 

10 

Boss  P.G.C. 

0.007 

0  .07 

10 

Newcomb 

0.010 

0  .10 

5 

These  accidental  errors  of  position  at  the  catalogue 
epochs  may  be  nearly  doubled  in  tlie  course  of  a  quarter 
of  a  century,  from  the  effect  of  proper-motion.  The 
probable  error  of  proper-motion  in  the  modern  cata- 
logues may  be  estimated  to  be  ±  0".003  in  each  coordi- 
nate, or  ±0".004  per  star. 

The  modern  declination  systems  have  average  devi- 
ations of   =t0".05  in  the  10°  zones,  and  the  range  is 


nearly  0".2.  The  hourly  deviat'on  in  the  area  most  in 
use  is  =fc0".03,  with  a  range  of  nearly  0".2.  This  last 
class  of  periodic  error,  var3ang  with  inght  ascension, 
can  be  eliminated  in  latitude  results,  by  observing 
two  groups  of  stars  each  night,  and  closing  the  cj^cle 
of  groups  in  a  year.  A  further  advantage  in  meridian 
circle  work  is  the  elimination  of  some  classes  of  sys- 
tematic error,  such  as  that  due  to  graduation  errors. 
This  device,  employed  in  fundamental  work,  has  not 
hoM'ever  eliminated  the  errors  of  declination  in  our 
standard  star  places. 

In  addition  to  the  above  errors,  which  may  be 
classed  as  accidental,  there  are  certain  systematic 
errors  which  are  difficult  to  ascertain.  From  the 
identit}-  of  the  greater  part  of  the  data,  and  from  the 
similarity  of  methods  of  treatment,  it  is  most  likely 
that  the  systematic  errors  of  all  our  standards  are 
nearly  the  same.  They  are  quite  likely  to  be  as  large 
as  the  accidental  errors,  of  which  we  can  form  an  esti- 
mate by  comparison  of  two  authorities. 

From  our  own  results  of  observation  the  correction 
to  AuwKRS  system  at  the  equator  is    approximately 
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+  0".3.     His  declination  system   is    between  those  of 
Boss    and    Newcomb.     The    resulting     correction    to 


Boss   at   the   equator   would    be    +0".4,    and   that   of 


Newcomb  +0".1. 


Lick  Ohservalory, 
July  11,  192B. 


OBSERVATIONS  OF  COMET  SKJELLERUP  b  1922, 

made  with  the  40-inch  and  12-inch  eepractors  and  the  24-inch  reflector  of  the  yerkes  observatory, 

By    G.    V.\N    BIESBROECK. 


Date 

G.  M.  T. 

Aa 

A5 

Cp. 

App.  a 

App.  5 

LogpA 

* 

Instr. 

1922 

May  21 

h  m   s 

15  15  24 

+  0    4.34 

-fO  17.1 

6,  6 

h  m   s 

8  15  56.19 

+  23  32  18.6 

9.659 

0.679 

1 

40 

26 

15  50  20 

-0  1.81 

-f  3  46.9 

6,6 

8  45  50.97 

28  50  28.0 

9.688 

0.674 

2 

40 

27 

15  17  50 

+  0  11.66 

-1  34.5 

6,6 

8  52  30.17 

29  57  12.1 

9.678 

0.620 

3 

12 

28 

16  19  24 

-0  15.29 

-2  52.8 

6,6 

8  59  56.60 

31  9  32.3 

9.703 

0.689 

4 

12 

29 

15  15  5 

+2    1.57 

-9  26.4 

15  ,  3 

9  7  5.97 

32  17  12.9 

9.683 

0.584 

5 

12 

June  11 

15  31  44 

-0  33.64 

+  9  18.9 

6,6 

11  25  34.89 

46  13  7.2 

9.697 

0.099 

6 

40 

18 

17  47  5 

+  2  .57.36 

+  1  40.8 

20,4 

13  5  32.26 

48  28  30.8 

9.782 

0.323 

7 

40 

21 

15  7  15 

+  5  22.26 

+  3  28.9 

20,4 

13  44  4.42 

47  52  7.4 

9.404 

9.6o6n 

8 

40 

23 

16  37  41 

-4  22.08 

+  5  20.0 

20,4 

14  9  11.74 

47  0  22.2 

9.612 

9.611 

9 

12 

24 

15  37  10 

-fO  16.05 

-f  1  49.2 

6,6 

14  20  9.90 

46  30  14.4 

9.394 

9.400n 

10 

12 

28 

15  36  21 

-0  20.28 

-2  51.9 

6,6 

15  0  43.03 

43  56  11.1 

9.240 

7.G72n 

11 

40 

July   2 

19  232 

+3  10.08 

+0  54.4 

20,4 

15  34  26.59 

40  47  41.2 

9.711 

0.419 

12 

40 

12 

15  59  4 

+  2  41.89 

+8  53.2 

20,4 

16  30  17.66 

33  3  42.1 

9.093 

0.184 

13 

40 

18 

15  8  34 

-0  13.61 

+  1  59.4 

6,6 

16  53  23.88 

28  43  45.6 

8.072 

0.317 

14 

40 

23 

15  31  32 

-fO  11.34 

+  1  59.8 

6,6 

17  9  8.88 

25  22  39.4 

8.830 

0.414 

15 

40 

Comparison  Stars 


No. 

a  (1922.0) 

8  (1922.0) 

Red.  a 

Red.  5 

Authority 

1 

h   m   s 

8  15  51.26 

+  23  32  10.0 

+  o!.59 

-  9.1 

Par.  ph.  23°,  8''  12»>  No.  249;  24°.  8'-  lO'"  No. 

75 

2 

8  45  52.16 

28  46  48.1 

0.02 

-  7.0 

Oxf.  ph.  28°  26332,  29°  26178 

3 

8  52  17.88 

29  58  53.1 

0.(i3 

-  6.5 

Oxf.  ph.  30°  22520,  31°  22713 

4 

9  0  11.25 

31  12  31.0 

0.64 

-  5.9 

Oxf.  ph.  31°  22980. 

5 

9  5  3.76 

32  26  44.8 

0.64 

-  5.5 

A.  G.  Lei.  3777 

6 

11  26  7.65 

46  3  45.2 

0.88 

+  3.1 

Hels.  ph.  Cliche  480  No.  62  -  487  No.  8 

7 

13  2  33.65 

48  26  42.0 

1.25 

+  7.4 

A.  G.  Bo.  8807  (verbess.) 

8 

13  38  40.74 

47  48  29.8 

1.42 

+  8.7 

A.  G.  Bo.  9082  (verbess.) 

9 

14  13  32.20 

46  54  52.4 

1.62 

+  9.8 

A.  G.  Bo.  9355  (verbess.) 

10 

14  19  52.20 

46  28  15.2 

1.65 

+  10.0 

A.  G.  Bo.  9412  (verbess.) 

11 

15  1  1.43 

43  58  51.8 

1.88 

+  11.2 

A.  G.  Bo.  9762  (verbess.) 

12 

15  31  14.47 

40  46  34.7 

2.04 

+  12.1 

A.  G.  Bo.  10032  (verbess.) 

13 

16  27  33.44 

32  54  34.8 

2.33 

+  14.1 

A.G.  Lei.  5820 

14 

16  53  35.02 

28  41  31.1 

2.47 

+  15.1 

Oxf.  ph.  28°  43305 

15 

17  8  55.02 

25  20  23.6 

2..52 

+  16.0 

A.  G.  Cbr.  E  8063 
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Photographic  positions  obtained  with  the  S4-inoh  reflector 


1022 

C.  M.  T, 

.Vpp.  a 

.\|.I,.  5 

log  pA 

("p.  .star.^i 

July 

19 
19 

h      m      s 

18  53  27 

19  27  27 

h      m      s 

16  57  14.87 
16  57  20.19 

+  27  55  58.8 
27  55    3.1 

9.616 
9.652 

0.558  I 
0.603  S 

Oxf.  i)li.  28°  43526,  43528,  43548 

26 

26 

17  51  26 

18  13  49 

17  17  89.23 
17  41.82 

23  26  32.5 
23  25  52.5 

9.516 
9.555 

0.553  I 
0.575  \ 

Par.  |)b.  24°,  17''  20"',  Xos.  306.  322,  327 

Aug 

12 
12 

14  57  28 

15  36  20 

55    3.61 
55    6.18 

14  32  19.1 
14  31  31.0 

8.784 
9.130 

0.615  I 
0.621  i 

l?ord.  i)li.  14°,  17''  52"',  Nn,^.  257,  275,  294 

13 
13 

14  48  50 

15  45  17 

56  57.28 
17  57    1.32 

14  5  33.9 
14    4  26.3 

8.6S0 
9.100 

0.620  I 
0.630  \ 

Bord.  ph.  14°,  17''  52'",  Nos.  328,  345,  355 

18 

14  42  22 

18    6  11.14 

1 1  58  23.2 

S.74I 

0.649 

Kti  8029,  I  pz.  6453,  6450 

Mav  21, 


June 

11. 

July 

18. 

July 

23. 

Aug. 

13. 

Aug. 

18. 

Willia 

ms  Bay 

Sept.  22. 

REMARKS 

Total  magnitude  12'".     Xuclous  13"'. 5,  about  5"  in  diameter.     The  elHptic  nebulosity  extends  about 

40"  from  the  nucleus  towards  265°,  in  the  opposite  direction  only  10". 
Total  magnitude  14"'.      Nucleus  15"'  and  very  diffuse.     The  rising  moon  makes  the  settings  difficult. 
Total  magnitude  15.     Sky  good. 

Total  magnitude  15.      Nebulosity  about  15"  in  diameter  with  16"'  central  nucleus. 
The  first  plate  was  exposed  by  Mr.  ().  Strt've,  the  second  by  Miss  H.  Bigelow. 
The  central  condensation  is  only  faintly  noticeable  on  the  plate.     Total  brightness   16".     Nucleus 

if  any  only  17"'. 5.      Exposuie  time,  50  min. 


STAR  FIELDS  FOR  THE   1923  AND   1925   ECLIPSES   OF  THE   SUN, 

By   FREDERICK   SLOCUM. 


Whatever  the  outcome  of  the  observations  to  test 
the  Einstein  Theory  during  the  solar  t-clipse  of  Sep- 
tember 20,  1922,  it  will  undoubtedly  be  desirable  to 
repeat  the  observations  at  the  time  of  th(!  next  two 
or  three  eclipses. 

The  location  of  the  eclipse  of  September  10,  1923 
will  be  especially  favorable  for  American  astronomers. 
In  southern  California  and  northern  Mexico  the  eclipse 
occurs  near  noon,  the  altitude  of  the  Sun  will  be  over 
60°  and  totality  will  last  about  3>^  minutes.  The 
star  field,  however,  is  very  poor.  Plate  I  shows  all 
the  stars  of  magnitude  9.0  or  brighter,  on  the  B.  D. 
scale,  within  about  2°  of  the  Sun.  The  dotted  circle 
is  drawn  from  the  center  of  the  Sun  with  a  radius  of 
1°.  The  position  of  the  Sun's  axis  is  shown  and  also 
the  probable  extension  of  the  corona  with  an  exposure 
long  enough  to  show  9th  magnitude  stars. 

Table  1  gives  the  data  for  the  stars  plotted  on  the 
plate.  The  magnitudes  are  from  the  B.  D.  Only 
two  stars,  Nos.  1  and  37  are  lirighter  than  8.0.  No. 
11  is  included  because  pliotographically  it   is  at  least 


half  a  magnitude  brighter  than  neighboring  9th  mag- 
nitude stars,  although  the  B.  D.  magnitude  is  9.2  and 
the  H.  P.  9.7.  No.  37  is  a  Leonis  and  No.  36  is  N.G.C. 
3640,  which  may  be  mistaken  for  a  comet  during  the 
eclipse. 

The  theoretical  displacements  in  the  last  column 
are  computed  on  the  ba.sis  of  a  displacement  of  1.75" 
at  the  Sun's  limb,  in  accordance  with  the  Einstein 
Theory.  The  field  shown  on  Plate  I  is  3.4°  by  4.3° 
and  would  cover  a  plate  8  by  10  inches  on  a  telescope 
of  about  11.5  feet  focal  length.  From  Table  1  it  will 
be  noticed  that  even  the  most  remote  stars  should 
show  a  displacement  of  .20".  The  stars  with  very 
large  disf)Iacements,  Nos.  19,  20,  22,  24  w'ill  probably 
be  cut  out  by  the  corona.  From  the  remaining  stars 
only  the  differential  Einstein  effect  can  be  derived  if 
the  plate  constants  are  to  be  obtained  from  the  same 
stars.  If,  how(n'er,  the  constants  can  be  determined 
independently,  thcii  the  full  displacement  of  each  star 
can  be  measured. 

Various  methods  for  doing  this  have  l)een  sugg(\sted. 
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TABLE    1 

Star  Field  for  the  1923  Eclipse  of  the  Sim 


No. 

B.D.  Number 

Magnitude 

Distance 

Displace- 
ment 

1 

+  4.2423 

7.7 

141 

0.20 

2 

5.2450 

8.0 

124 

.22 

3 

5.24^1 

8.5 

118 

.23 

4 

6.24()9 

8.8 

118 

.23 

5 

4.2426 

8.2 

114 

.24 

6 

4.2434 

8.2 

104 

.27 

7 

5.2461 

9.0 

56 

.50 

8 

6.2418 

8.5 

62 

.45 

9 

5.2463 

8.5 

50 

.56 

10 

6.2419 

8.5 

87 

.32 

11 

5.2464 

9.2 

40 

.70 

12 

4.2439 

8.5 

86 

.33 

13 

6.2420 

8.5 

84 

.33 

14 

5.2466 

8.8 

44 

.63 

15 

5.2467 

8.0 

40 

.70 

16 

6.2421 

8.3 

46 

.61 

17 

6.2422 

8.0 

84 

.33 

18 

6.2425 

8.5 

50 

.56 

19 

5.2468 

8.1 

22 

1.27 

20 

5.2469 

8.0 

17 

1.64 

21 

4.2443 

9.0 

44 

.63 

22 

5.2474 

8.0 

27.5 

1.01 

23 

6.2427 

8.8 

61 

.46 

24 

5.2475 

9.0 

30 

.93 

25 

5.2476 

8.5 

42 

.66 

26 

6.2429 

8.8 

51 

.55 

27 

6.2432 

8.9 

75 

.37 

28 

5.2478 

9.0 

46 

.61 

29 

5.2480 

8.5 

55 

.51 

30 

6.2433 

8.9 

103 

.27 

31 

4.2449 

8.0 

79 

.35 

32 

5.2481 

8.5 

52 

.54 

33 

5.2483 

9.0 

58 

.48 

34 

4.2450 

8.8 

89 

.31 

35 

5.2484 

8.2 

69 

.40 

36 

4.2451 

Xeh. 

111 

.25 

37 

6.2437 

4.3 

107 

.26 

38 

4.2452 

8.5 

87 

.33 

39 

5.2487 

8.4 

81 

.35 

40 

4.2454 

8.3 

105 

.26 

41 

6.2443 

8.7 

135 

.21 

42 

4.2455 

8.8 

128 

.21 

43 

6.2448 

8.1 

146 

.19 

PLATE    I 


Star  Field  for  the  1923  Eclipse  of  the  Sun 


Plates  may  be  exposed  on  a  comparison  field  the  night 
before  and  the  night  after  the  eclipse.  Plates  may  be 
exposed  to  the  eclipse  field  some  months  before  the 
eclipse,  left  undeveloped  and  then  exposed  to  the 
same  field  during  the  eclipse.  Another  suggestion  is 
to  expose  on  the  eclipse  field  during  the  eclipse  and 
then  turn  quickly  to  a  selected  comparison  field  of 
bright  stars  near  by,  and,  with  a  short  exposure,  secure 
enough  stars,  unaffected  by  gravitational  displacement, 
to  furnish  an  accurate  determination  of  the  scale  value 
and  other  plate  constants. 

All  three  of  these  methods  may  be  tried  during  the 
Australian  eclipse,  and  the  experience  at  this  time 
may  suggest  the  best  procedure  for  next  year.  Then 
it  will  remain  only  to  determine  the  exposure  time 
necessary  to  get  the  desired  stars  with  the  apparatus 
available. 

Interest  in  the  1925  eclipse  lies  chiefly  in  the  fact 
that  the  path  of  totaIit.y  passes  over  several  observa- 
tories. The  eclipse  occurs  on  January  24,  begins  at 
sunrise  in  the  Great  Lake  region,  passes  southeasterly 
over  southern  New  England  and  thence  across  the 
Atlantic  Ocean,  but  not  quite  to  the  European  shore. 
The  Vassar,  Yale,  Van  Vlcck,  and  Nantucket  obser- 
vatories are  within  the  path. 
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TABLE   2 
Star  Field  for  the  1925  Eclipse  op^  the  Sun 


No. 

B.D.  Number 

Magnitude 

Distance 

Displaco- 
ment 

1 

-19.5796 

8.4 

110 

0.26 

2 

20.5913 

8.5 

118 

.25 

3 

18.5060 

7.5 

105 

.27 

4 

20.5917 

8.5 

131 

.22 

5 

18.5663 

8.7 

103 

.27 

6 

20.5919 

8.9 

104 

.27 

7 

20.5926 

8.7 

94 

.30 

8 

19.5809 

7.0 

75 

.38 

9 

18.5680 

8.0 

66 

.43 

10 

19.5813 

7.7 

53 

.54 

11 

18.5681 

8.3 

64 

.15 

12 

19.5815 

8.9 

46 

.62 

13 

20.5935 

8.7 

54 

..J3 

14 

18.5684 

8.5 

84 

.34 

15 

19.5817 

8.8 

48 

.59 

16 

18.5685 

5.4 

61 

.47 

17 

18.5686 

8.8 

64 

.45 

18 
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8.5 

84 

.34 

19 
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8.8 

86 

.34 

20 
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64 

.45 

21 
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46 

.62 

22 
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5.1 

72 

.40 

23 
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7.3 

69 

.41 

24 

19.5830 

8.3 

25 

1.14 

25 

19.5831 

7.1 

25 

1.14 

26 

20.5954 

8.8 

46 

.62 

27 

20.5955 

9.0 

78 

.37 

28 

20.5956 

8.8 

56 

.51 

29 

19.5835 

8.7 

29 

.98 

30 

18.5705 

8.2 

57 

.50 

31 

20.5963 
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68 

.42 

32 

20.5966 

9.0 

75 

.38 

33 
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8.5 

46 

.62 

34 
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8.2 

61 

.47 

35 
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7.8 

67 

.43 

36 
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8.5 
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.27 

37 
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8.5 
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.36 

38 
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.27 

39 

20.5986 

8.5 

116 

.25 

40 

19.5867 

9.0 

107 

.27 

41 

19.5868 

8.9 

111 

.26 

42 

19. .5870 

8.7 

116 

.25 

43 

20.5991 

9.0 

122 

.24 

The  eclipse  occurs  in  Connecticut  about  9  a.  m. 
Local  Meiin  Time  and  totality  lasts  about  90  seconds. 
The  altitude  of  the  Sun  will  be  a  little  less  than  20°. 
The  star  field  is  not  as  good  as  that  of  1919,  but  better 
than  the  1923  field.  This  advantage  may  be  more 
than  offset  by  the  lower  altitude  of  the  field. 


PLATE    II 


Star  Field  for  the  1925  Eclipse  of  the  Sun 


Plate  II  shows  the  distribution  of  the  stars.  Nos.  8, 
10,  16,  22,  23,  25,  and  35  are  brighter  than  magnitude 
8.0.  Of  this  group  the  theoretical  displacement  of 
No.  25  is  1.14",  while  the  others  range  from  .38"  to 
.54". 

The  data  for  all  the  stars  of  Magnitude  9.0  or  brighter 
are  given  in  Table  2. 


Van  Vleck  Observatory, 

Atiffusl  12,  1022. 
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MEASURES  OF   DOUBLE   STARS   MADE   WITH  THE   lOK-INCH   REFRACTOR 
OF   THE    UNIVERSITY   OF   MINNESOTA, 

By   F.    p.    LEAVENWORTH. 

These  observations  are  a  continuation  of  the  measures  pubHshed  in  A.  J.  No.  787,  and  are  in  general 
repetition  of  measures  of  well  known  binaries.  The  right  ascensions  and  declinations  are  for  1900,  and  the 
magnifying  power  400. 
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22.277 

107.8 

5..55 

6.0 

.335 
.340 

118.1 
118.1 

3.73 
3.90 

2.0 
2.0 

2.8 
3.2 

.132 

1921.25 
1922.23 

109.4 
107.9 

5.,56 
5.64 

6.0    4n 

5.8     3h 

1921.09 

324.4 

1.93 

8.0 

8.1 

2n 

1921.33 

118.2 

3.80 

2.0 

3.1 
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5508 

2   1457 

10i>  34"'     +6°  14 

6641 

2   1785 

13"  45 

„,     ^ 

27°  29 

' 

7878 

2  2130 

17"  3 

'     +.54°  36 

1920.338 

324.5 

1.42 

8.0 

8.5 

1921.313 

13.3 

1.06 

1921.636 

122.8 

2.12 

5.0 

5.1 

21.272 

321.5 

1.56 

7.6 

7.7 

.376 

14.1 

1.10 

7.0 

7.2 

.715 

122.8 

2.38 

5.3 

5.0 

21.294 

322.0 
323.0 

1.38 

7.5 

8.0 

.442 
.444 

13.1 
15.6 

1.14 
1.20 

7.0 
7.0 

7.4 
7.1 

.729 

122.7 

2.26 

5.0 

5.1 

21.299 

1921.69 

122.8 

2.25 

5.1 

5.1 

3n 

22.258 

322.9 
322.5 

1.46 
1.56 

8.3 
8.0 

8.6 
8.2 

.447 

13.3 

1.18 

7.0 

7.2 

7885 

/3  1118 

17"  .5' 

5°  36 

22.266 

1921.40 

13.9 

1.14 

7.0 

7.2 

on 

22.307 

323.6 

1.70 

8.0 

8.5 

(19) 

6955 

1921.349 

2  1865 
138.2 

14"  36 

0.88 

">     +14°  09 
4.4      4.0 

' 

1921.603 
.759 

235.5 
234.3 

0.61 
0.63 

4.0 

5.0 

1921.05 

322.7 
323.0 

1.45 
1.57 

7.7 
8.1 

8.1 
8.4 

4-3n 
3 

1922.28 

1921.68 

234.9 

0.62 

4.0 

5.0 

2n 

.376 

137.2 

1.05 

4.2 

4.0 

5734  2   1523 

111=  IS-"     +32°  6 

.414 

138.3 

0.85 

4.0 

4.1 

8038 

2  2173 

17"  25"'     - 

-0°  59 

1921.340 

101.8 
101.0 

2.67 
2.75 

4.0 
4.0 

4.5 
4.7 

.436 

136.6 

0.96 

4.0 

4.1 

1921.592 
.620 

151.3 
148.6 

0.71 
0.73 

6.0 
6.0 

6.2 
6.1 

.343 

1921.39 

137.6 

0.94 

4.2 

4.1 

4n 

316 

100.9 
101.9 

2.62 
2.70 

4.0 
4.0 

4.4 
4.5 

7034 

2  1888 

14"  47 

"■     +19°  31 

.631 

148.7 

0.81 

6.2 

6.0 

.406 

1921.61 

149.5 

0.76 

6.1 

6.1 

3» 

.447 

101.4 

2.77 

4.0 

4.8 

1921.436 

59.7 

2.55 

5.0 

7.0 

1921.38 

101.4 

2.70 

4.0 

4.5 

5n 

.444 

60.0 

2.52 

5.0 

6.8 

8210  02  338 

17"  i^ 

"■     +15°  20' 

.447 

59.3 

2.62 

5.0 

7.0 

(22) 

1921.592 

7.9 

0.70 

7.0 

7.0 

5765 

2  1.536 
35.1 

1 1'-  IE 
l.Sl 

">     +11°  5 
4.0      7.0 

1921.44 

59.7 

2.56 

5.0 

6.9 

3w 

.603 

8.5 

0.73 

7.1 

7.0 

1921.343 

1921.60 

8.2 

0.72 

7.0 

7.0 

2ra 

.346 

34.6 

1.79 

4.0 

7.0 

7214 

2   1932 

15"  14 

".     +27°  14 

' 

.349 

35.4 

1.76 

4.0 

7.0 

1920.478 

14.7 

0.61 

6.0 

6.2 

8303 

2  2262 

17"  58'..     - 

-8°  11 

.370 

37.1 

1.82 

(20) 

21.406 
21.436 

19.1 
17.9 

0.61 
0.61 

6.0 
6.0 

6.1 
6.1 

1921.620 
.631 

261.5 
260.0 

1.93 
2.08 

5.0 
5.5 

5.3 
6.0 

1921.35 

35.6 

1.80 

4.0 

T.o" 

(in) 

2  1593 

ll^SS 

m 

-1°54 

21.444 

17.4 

0.64 

.633 
1921.63 

261.6 
261.0 

1.96 
1.99 

5.5 
5.3 

5.8 
5.7 

(24) 

6013 

1920.48 

14.7 

0.61 

6.0 

6.2 

Iri 

3n 

1922.255 
.266 

17.8 
16.7 

1.16 
1.13 

8.3 
8.0 

8.4 
8.1 

21.43 

7487 

1921.436 
.603 

18.1 

S  1998 

183.5 
183.4 

0.62 

15"  59 

1.16 
1.09 

6.0 

5.0 
5.0 

6.1 

11°  07 

5.2 
5.1 

3;( 

8340 

1921.620 
.631 
.633 
.639 

2  2272 
132.0 
131.9 
131.9 
130.9 

18"  0 

5.62 

5.60 

5.51 

5.54 

'■     + 
4  5 
4.5 
4.5 
4.5 

2°  32' 
5.5 
6.0 
6.2 

6.!^ 

1922.26 
6158 

17.2 

2  1639 
337.9 

1.14 

12M£ 
0.78 

8.2     8.3 

...     +26°  8 
7.0      8.0 

2n 

1921.52 

183.5 

1.13 

5.0 

5.2 

2ra 

1921.297 

1921.63 

131.7 

5.57 

4.5 

6.0 

An 

21.406 

22.268 

339.5 
337.0 

0.84 
0.99 

7.0 
7.0 

8.0 
8  0 

7563  : 

:  2032 

16''  11 

"     +34°  07 

8380 

2  2281 

18"  5 

"     +3°  58' 

22.304 

339.4 

0.92 

7.0 

8.0 

A  and  B 

1921.592 

65.5 

0.67 

6.0 

7.5 

22.307 

339.4 

0.80 

6.7 

7.7 

1921.633 
.636 
.639 

219.6 
219.8 
220.6 

5.03 
5.15 
5.14 

5.0 
5.0 
5.0 

6.2 
6.4 
6.2 

.603 
.650 

67.1 
69.9 

0.59 
0.65 

6.0 
6.0 

7.5 
7.5 

1921.35 

338.7 
338.6 

0.81 
0.90 

7.0 
6.9 

8.0 
7.9 

2n 
3« 

1922.29 

1921.62 

67.5 

0.64 

6.0 

7.5 

3re 

1921.64 

220.0 

5.11 

5.0 

6.3 

In 

8208 

Lv  5     12''  29" 

-1 

7°  39' 

8433 

2  2294 

18"! 

,„    _^^f  9' 

1921.297 

12.4 

7649 

2  2055 

16"  26 

m        + 

2°  12' 

1921.650 

93.1 

0..57 

.324 

16.6 
14.5 

2   1670 

1.12 
1.12 

12"  37 

7.0 
7.0 

10.0 
10.0 

0°  54' 

(21) 
2-l« 

1921.436 
.592 
.603 

85.4 
85.1 
82.9 

0.92 
0.70 
0.85 

4.0 
4.0 
4.0 

4.8 
4.7 
5.7 

.759 

91.6 

0.54 

1921.31 

1921.70         92.4 
8663  0£  358 

0.56 

18"  31 

"     +16°  54 

'in 

6243 

1921.54 

84.5 

0.82 

4.0 

5.1 

3re 

' 

1921.381 
.384 
.422 
.436 

321.6 
321.9 
322.7 
322.6 

5.74 
5.82 
5.82 
5.84 

3.5 
3.5 

3.5 

3.6 
3.6 

3.7 

7717  2  2084 

1921.633      81.2 
.636      80.4 
.639      80.3 

16"  38 

1.66 
1.49 
1.68 

•     +31°  47 

3.0      6.0 
3.0      6.5 
3.0      7.0 

(23) 

1921.603 
.620 
.631 

186.0 
185.1 
185.0 

2.03 
1.77 
2.08 

7.1 
7.0 
7.0 

7.0 
7.2 
7.1 

1921.62 

185.4 

1.96 

7.0 

7.1 

3w 

1921.41 

322.2 

5.80 

3.5 

3.6 

4n 

1921.64 

80.6 

1.61 

3.0 

6.5 

■.in 

8751 

2  2369 

18"  39 

m     +2°  31' 

6312 

02  256 

12"  51 

m     _ 

-0°25 

7834  2  2118 

16"  56" 

"     +( 

)5°11 

1921.592 
.603 

81.5 
89.4 

0.93 
0.99 

8.0 
8.0 

8.5 

8.4 

1921.324 

80.4 

0.79 

7.0 

7.0 

1921.729 

78.7 

0.58 

.620 

83.2 

1.06 

8.0 

8.2 

.436 

82.1 

0.80 

7.0 

7.2 

.787 

77.8 

0.57 

.631 

84.2 

0.90 

8.0 

8.2 

1921.38 

81.2 

0.80 

7.0 

7.1 

2n 

1921.76 

78.2 

0.58 

2n 

1921.61 

84.6 

0.97 

8.0 

8.3 
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8798 

1921.71.5 
.729 
.740 
.749 


;  23'JS  IS'' 42' 

.4  ami  B 

1.5;j..5  17.04     8.0 

153.()  lti.S2     8.0 

153.0  17.25 

152.7  17.32      .  . 


+  59°  2(i' 


8.5 
8.3 


1921.73       153.3     17.11     S.O      8.4    4« 


1921.715 
.729 


.4  and  C 
202.2     00.35 
202.8    60.28 


11.0 
11.2 


1921.72  202.5  00.32  ..  11.1     2« 

8933  d  04S  18''  53"'     +32°  46' 

1921.020  34. S  1.02  0.0       8.5 

.633  35.4  0.89  0.0      8.0 

.650  40.4  l.(X)  0.0       8.5 

.729  38.0  l.U  5.0       8.0 

.759  37.9  1.21  6.0       8.5     (25) 


1921.68 


37.3 


1.07 


5.8      8.3     on 


8966  2  2438 
1920.815   21.5 


20.853 
21.036 
21.715 
21.729 


22.8 
17.0 
14.7 
14.3 


ISh  5()"'     58° 
0.05      .  .       .  . 
0.66 
0.62 
0.65 
0..58 


7.0 
7.0 


1920.83         22.2 
1921.69         15.3 


0.66 
0.02 


7.0 


'.8 


9319  ^  2.525  19''  23"'     +27°  7' 

1921.729    305.0  1.02     8.0      8.0 

.737     300.9  1.06     7.5       7.6 

.759    304.0  1.12     7.5      7.6 

.762    304.2  0.9(5      


(26) 


1921. 


303.: 


1.04 


9456  r  2.5.53  19''  32'"  +01°  49' 
1921.808  101.9   0.86  S.O   9.2 
.830  103.4   0.83  8.0   9.5 


1921. S2   102.6  0.84  8.0   9.4  2» 

9602  2  2570  19''  42'"  +33°  22' 
1921.030  27,5.8   1.00  8.1   8.0 
.715  274.4   1.75  S.O   8.1 
.729  275.7   1.75  8.0   8.1 


1921.09   275.3  1.72  8.0   8.1  3h 

...Jon.  3023  19'' 42'"  +10°  15' 

1916.770  19.3.1  1.78  10.0  10.5 

.842  193.6  1.79  10.0  11.0 


1916.81 

193.4 

1.78 

10.0 

10.8    2n 

9605 

-:  2579 

19'"  42 

■"     +44°  .53' 

1919.834 

278.0 

1.85 

3.0 

7.5 

21.636 

276.4 

2.07 

3.0 

7.0 

21.715 

276.2 

2.14 

3.0 

7.0 

21.729 

277.6 

2.12 

3.0 

7.5     (27) 

1919.83 

278.0 

1.85 

3.0 

7.5     In 

1921.69 

276.7 

2.11 

3.0 

7.2     3h 

9650  Ol-     387     19'' 45"'     +35°  3' 


1921.636  304.0 

.729  303.9 

.7.59  301.1 

.80S  302.5 


0.62 
0.71 


(28) 


1921.73      302.9      0.05     7.0      7.6    4« 


9979  or  400     20'' 


+43°  38' 


1921.636 
.729 
.759 
.830 
.836 


335.4 
334.4 
331.3 
338.0 
338.4 


0.71 
0.00 
0.06 
0.57 
0.67 


7.0 
7.0 


.3     (29) 


1921.76      335.5      0.()5 


7.3     5n 


10363  ,1   1.51     20'' 33'"     +14°  1.^ 
.1  and  H 


1919. 
19. 
19. 
19. 
19. 
20. 
20. 
20. 
20. 
21 
21 
21 
21 
21 
21 
21 


()29 
095 
703 
766 
834 
752 
70S 
,806 
,820 
,620 
.036 
.713 

.759 
.8.30 
.915 


342. 
344. 
346. 
345. 
340. 
346. 
349. 
346. 
347. 
346. 
347. 
347. 
347, 
348 
347 
3.50 


0.18 
0.43 
0.47 
0.39 
0.40 
0.51 
0..59 
0.49 
0..53 
0.59 
0.59 
0.00 
0.62 
0.58 
0.60 
0.62 


5.0 
5.0 
5.0 
5.0 
5.0 
5.0 


6.0 
(i.O 
0.0 

ti.O 


5.0 

5.0  5.7 

5.0  6.0 

5.0  0.0 

5.0  6.3 

5.0  5.7 

5.0  6.0 

5.0  5.9 


(30) 


1919.74  343.9   0.45 
1920.79   347.7   0.53 

1921.75  347.8       0.00 


5.0  5.9 
5.0  5.9 
5.0       0.0 


10363  ,i   1.51     2()i'33'" 
.l/iand  I) 


+  14°  1.5' 


1919.095 
.717 
.766 


328.5  38.,52     5.0 
328.8     38.91     5.0 

328.6  38.30     5.0 


9.5 
10.0 
10.3 


1919.73 

328.6 

38.58     5.0 

10.0 

■■in 

.4 Wand  (■ 

1919.695 

119.1 

23.00 

12.0 

.766 

119.2 

22.95 

12.3 

1919.73 

119.1 

22.98 

12.2 

2>, 

10533 

oi;  41 

i     20''  44'" 

+30°  - 

1921.636 

42.0 

0.03     5.0 

6.0 

.7.59 

44.0 

0.75     5.0 

(i.O 

.828 

44.5 

0.65     5.0 

6.0 

1921.74 

43.5 

0.68     5.0 

6.0 

3n 

10690  i;  2746  20''  58'"     +38°  52' 

1921.036  300.0  0.98     8.0       8.6 

.781  298.1  1.09     8.0       8.5 

.830  296.0  Ml     8.0       8.7 


1921,75 

298,2 

1.06     8.0       8.6     3n 

10801 

H  I  47 

21'' 7'"      -1.5°  24' 

1920.883 

310.2 

3.24       

.930 

315.() 

3.33     7.0       7.1     (31) 

1920.91 

315.9 

3.29     7.0      7.1     2« 

11001 

i;  2799 

21'>21'"     +10°  .39' 

1921  737 

289.3 

l.,52     0.5       0.7 

.770 

289.8 

1.47       

.833 

288.7 

1.47     6.6       0.5 

1921.7S 

289.3 

1.49     6.5       0.6     Sn 

11214 

1'  2S22 

21'<40'"     +28°  17' 

192 1. 781 

13S.4 

l.;iS     5.0       0.3 

.803 

139.5 

1.30     5.0       7.0 

.800 

140.5 

1.35     5.0       7.0 

.828 

139.8 

1.46     5.0       7.5 

.830 

1.38.9 

1.47     .5.0       6.7 

1921.81        139.4  1.40     5.0       6.9     5h 

11743  r  2909  22'' 24'"      -0°,32' 

1921.912  303.8  2.69  4.0   4.2 

.937  .304.1  3.09  4.1)   4.2 

.991  303.4  2.72  4.0   4.4  (32) 


1921.95   303.8   2.83  4.0   4.3  3n 


12094  ()Z  483  22''  'i 

1921.803     242.5  0.90 

.830    238.0  0.98 

.836     240.4  0.84 


t'"    +11°: 

7.0  8.5 
6.0  7.5 
6.0      7.5 


1921.82      240.3      0.91     6.3       7.8     3/i 

12213  2  2988     23''  7"'     - 12°  29' 
7.0      7.1 


1921.915 
.937 
.991 


279.2      3.51 
276.2      3.55      . . 
279.4      3.50    7.5 


7.5     (33) 


1921.95       278.3       3..52 


12675  2  3050     23''  54'"     +33°  10' 


1921.828 
.913 
.915 


227.2  1 .93 
228.1  1.90 
227.7   2.00 


0.0 
0.0 
6.2 


6.3 
6.8 
6.0 


1921.89   227.7   1.94  6.1   6.4  3h 


1920.930 
21.020 
21.075 
22.019 
22.027 


17.6 
20.0 
19.5 
22.7 
22.3 


0''  1" 

1.39 
1.44 
1.48 
1..50 
l.,50 


+57°  .53' 


7.0 
7.0 
7.0 
6.5 
6.0 


1921.01 
1922.02 


19.0 
22  5 


1.44     7.0 
1..50    6.2 


7.8    3n 
6.8     2n 
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NOTES 


(1)  Apparently  fixed. 

(2)  Same  increase  in  distance  with  a  little  increase  in  angle. 
Probably  moving  in  a  very  elongated  ellipse. 

(3)  Angle  decreasing  O'.S  a  year. 

(4)  In  close  agi'eement  with  Lohsc's  Elcmenis  Potsdam  V.  XX. 

(5)  Jackson's  Ephemeris  M.  A'.,  V.  LXXX  agrees  well  with  late 
measures.  Angles  seem  about  2°  too  small  and  the  distances  about 
0".l  too  great. 

(6)  Yearly  motion  -0°.06  +0".006. 

(7)  Hussey's  Ephemeris  Lick,  \ .  V  represents  late  measures 
well;  the  angles  being  about  2°  too  small  and  the  distances  0".0.5 
too  large. 


(8) 

(9) 

(10) 

(11) 

(12) 

LXXXI. 


Maximum  distance  of  3".l  reached  about  1920. 

Maximum  distance  of  1".4  reached  about  1920. 

Motion  decidedly  elliptical. 

Yearly  motion  -0°.08  -0".003. 

In  close  agreement  with  orbit  by  V.vN  den  Bos  M.  A'.,  V. 


(13)  Angle  decreasing  0°.l  a  year. 

(14)  Angle  increased  7°  since  1822;   distant  constant  at  2". 6. 
(1.5)  Yearly  motion  -0°.02  -0".01. 

(lljj  In  close  agreement  with  Doberck's  Ephemeris,  A.  N.  4144. 

(17)     Comparison  with  Schoenbeko's  Ephemeris,  .4.  A''.,  4260 
gives  0  —  C  +3°.5   -0".Q1. 


(IS) 
(19) 
(20) 
(21) 
(22) 
(23) 
(24) 
(25) 
(26) 


Almost  statioiuu'y  dm'ing  last  5  yeai'S. 

Yearly  motion  rectiUnear  +0".01. 

Apparent  orbit  in  M.  R.  A.  S.  V.  LVI  appears  too  elliptical. 

Yearly  motion  — 0°.5   — 0".01. 

In  close  agreement  with  Doberck's  Elements  A.N.  5118. 

Agrees  well  with  Comstock's  Ephemeris,  A.  J.  712. 

Maximum  distance  of  2".0  reached  about  1910. 

Aitken's  Ephemeris,  Lick,  V.  XII  0  —  C  +35°.9  +0".53. 

Doberck's  Ephemeris,  A.  N.  4515  +4°.0  +0".24. 


Jackson's  Ephemeris,  M.N.,  V.  LXXX  +2"'.4  +0".13. 

(27)  J.\ckson's  Ephemeris  M.  N.,  V.  LXXX  +0°.9  +0".37. 

(28)  Jackson's  Ephemeris,  M.N.  V.  LXXX  -1°.5  +0".15. 

(29)  Maximum  distance  0".65  and  period  about  76  years. 

(30)  Lohse's  Ephemeris,  Potsdam,  V.  XX. 

O  — C  1919.74  +3°.9  -0".08 
1920.79  +3  .2  -0  .07 
1921.75     +0  .1     -0  .05 

(31)  Yearly  motion  -0°.l   +0".01. 

(32)  Binary. 

(33)  Angle  decreased  4°  in  100  years. 

(34)  IjOhse's  Ephemeris,  Potsdam,  V.  XX. 


0  —  C 


1921.01  -2°.8     -0".05 

1922.02  -1  .3     +0  .03 


OBSERVATIONS  OF  MIRA   CETI, 

By  ELIAS   BRESON. 


I  have  observed  the  variable  star  Mira  Ceti  (2''  14'"  3,  —3°  26'),  using  the  following  comparison  stars. 

a  Ceti  2.89  P.  G.  K.  63  Ceti 

a  Arietis  2.19  P.  O.K.  m  Ceti 

a  Piscium  4.12  P.  (1.  K.  r;  Ceti 

7  Ceti  3.80  P.  a.  K.  r  Ceti 

IX  Ceti    ■  4.41  P.  a.  K.  75  Ceti 

e  Ceil  4.70  P.  a.  K.  71  Ceti 

e  Ceti  4.48  P.  G.  K.  B.  D.  -3°  372 

^Piscivm  4.91  P.G.K.  -4°  379 

S  Ceti  (corrected)     4.01  P.  G.  K. 

The  last  two  stars  are  designated  a  and  b  respectively  in  the  observations. 

My  instrument  was  a  Zeiss  Binocular,  6x;  later,  from  Nov.  14,  1919,  a  Busch  Binocular  (Terlux),  lOx. 
The  Argelander  step  method  was  used;  each  step  =  0.1  mag.  All  estimates  are  given  the  same  weight.  No 
correction  has  been  applied  for  extinction  =  about  —0.23  Potsdam  scale.  I  used  a  Stromgren-Olsen  chrono- 
meter, set  by  the  official  time-ball  at  the  port. 

The  following  color  scale  has  been  used: 


5.88 

P.  D.  XLV 

5.63 

Bulletin  de 

3.61  ( 

la  Soc.  Vaudoise 

3.71 ) 

V.  46,  p.  169 

5.60 

B.  D. 

6.30 

Schurig 

7.22 

Harvard  Ann.  91 

8.05 

Harvard  Ann.  91 

0.0 

Pure  white 

8.0 

Reddish 

6.0 

Orange 

8.5 

Rosy 

6.5 

Faint  golden  yellow 

9.0 

copper  red 

7.0 

Golden  vellow 

9.5 

Red  (pure) 

7.5 

Faint  reddish 

10.0 

Deep  (blood)  red 
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Tiio  color  10.0,  drop  rod.  has  been  noted  22  times  out  of  67  color  estimates. 
Date  G.  M.  T.  Cowp.  Mira  Weather  Color 


1918    Sept, 

.  19 

9 

55 

a  C  5  il/  - 

aP 

3.75 

Smoky 

10.0 

Oct. 

1 

9 

47 

a  C  5  .1/  2  a 

P 

3.65 

Clouds 

s.o 

2 

9 

25 

a  P  0.5  M 
yC2  M 

4.08 

Clear 

10.0 

6 

8 

30 

M2aC 

2.69 

Wind 

10.0 

24 

9 

30 

7  r  =  .1/ 

3.80 

riazv,  elds. 

9.5 

25 

9 

30 

7  C  I  M  \   a 

P 

3.96 

(*l(-ar 

10.0 

27 

8 

0 

yC2M\a 

P 

4.01 

Clouds 

9.0 

28 

8 

20 

7  C  0.5  M  1 

aP 

3.93 

Haze 

10.0 

30 

8 

25 

aP  =  M 
yC2M 

4.06 

W  ind,  haze 

10.0 

Nov. 

9 

7 

53 

a  P  0.5  .1/ 

7  C  3  M 

4.13 

Clear 

9.5 

11 

7 

52 

y  ('  3  .1/  = 

aP 

4.11 

Haze,  moon 

9.5 

12 

9 

37 

a  P  0.5  M 

4.17 

Haze 

7.5 

21 

7 

45 

d  C  1  .1/ 

4.11 

Clear 

8.0 

22 

7 

3 

bC  \  M 
a  P  0.5  M 

4.14 

Wind, 
Clear 

9.5 

23 

7 

43 

5  C  0.5  M 
O.PI  M 

4.14 

Haze 

8.0 

Dec. 

22 

() 

0 

^P3M 

5.21 

Haze 

6.0 

1919     Jan. 

7 

7 

15 

iP3  M 

5.21 

Clear 

9.0 

Aug. 

23 

13 

52 

a  r  3  4/  4  7 

C 

3.29 

Clear 

9.0 

31 

13 

25 

a  f  •  3  i¥  2  7 

C 

3.39 

Clear 

9.5 

Sept. 

2 

13 

40 

a  r  3  ilf  3  7 

C 

3.34 

Clear 

9.5 

3 

13 

20 

a  r'3  M27 

c 

3.39 

Clear 

9.5 

5 

14 

15 

aC4M2y 

c 

3.44 

Clear 

9.5 

6 

13 

2 

aC3  M3y 

c 

3.34 

Haze 

9.5 

11 

14 

24 

M  2  7  r 

3.60 

Moon,  haze 

9.5 

12 

IT) 

15 

a  r  3  M  2  7 

c 

3.39 

Moon,  haze 

8.0 

15 

1.-. 

35 

.1/  2  7  r 

3.60 

Moon,  haze 

9.5 

16 

M 

10 

M  1  7  (' 

3.70 

Clouds 

9.5 

17 

11 

55 

M  1.5  7  C 

3.65 

Clear 

9.5 

22 

12 

37 

7r0.5  M 

3.85 

Clear 

9.5 

27 

12 

0 

7  f  2  .1/ 

4.00 

( 'lear 

lO.O 

30 

14 

33 

7  r  2  .1/ 

4.00 

( 'lear 

9.5 

Oct. 

3 

11 

12 

7  r  0.5  M  1  6  c 

3.98 

Cl(>ar 

9.5 

4 

11 

12 

7  C  2  .1/  =  , 

bC 

4.00 

Clear 

9.5 

15 

10 

15 

t  p  1 .1/ 

5.01 

Haze 

9.5 

16 

9 

30 

?  /^  1 .1/ 

5.01 

Clear 

10.0 

17 

9 

34 

t  p  =  .1/ 

4.91 

Clear 

10.0 

Oct. 

22 

9 

4 

$  p  1  J/ 

5.01 

Clear 

9.5 

24 

9 

20 

,'  l>  3  .1/ 

5.21 

( lear 

9.5 

26 

10 

35 

M     3  66  C 

5.33 

Haze 

8.0 

30 

9 

7 

M  1.5  66  C 

5.48 

Haz(> 

9.5 

Nov. 

1 

8 

35 

M  1.5  60  C 

5.48 

Clear 

9.5 

14 

7 

38 

63  C  =  M 

5.88 

Clear 

9.5 

16 

7 

0 

&SC2M 

6.08 

Clear 

8.0 

24 

6 

45 

ilf  2  71  C 

6.10 

7.5 

N"-  810 


THE    ASTRONOMICAL     JOURNAL 


157 


Date 

G.  M.  T. 

Comp. 

Mira 

Weather 

Color 

1919     Dec. 

10 

h       m 

8     0 

M  =  b 

8.0 

Clear 

1920     Sept. 

11 

11     5 

^PSM 

5.21 

Clear 

9.5 

12 

11   45 

i  P  3  M  4  66  C 

5.22 

Clear 

9.5 

14 

10  50 

M  4  66  C 

5.23 

Haze 

9.5 

19 

10  38 

.1/  3  75  C 

5.30 

Clear 

9.5 

20 

10  25 

.1/  0.5  75  C 

5.55 

Clear 

9.5 

21 

10  55 

75  C  2  M 

5.80 

Haze 

9.5 

23 

10     4 

75  C2M 

5.80 

Haze 

9.5 

Oct. 

3 

9  24 

M  1  63  C 

5.78 

Wind 

10.0 

4 

10     0 

63  C  2  .1/ 

6.08 

Wind 

10.0 

5 

10  31 

63  ('  1  .1/ 

5.98 

Haze 

8.0 

9 

9  52 

63  C  2  M 

6.08 

Haze 

10.0 

10 

9  52 

M  =  71  r 

6.30 

Haze 

10.0 

13 

9  25 

71  C  1  M 

6.40 

Haze 

8.0 

16 

11   38 

71  r  2  M 

6.50 

Clear 

10.0 

17 

10  28 

M  2  a 

7.0 

Clear 

10.0 

18 

8  52 

M\a 

7.1 

Clear 

10.0 

19 

9  20 

M  =  a 

7.2 

Haze 

10.0 

20 

10     2 

M  1  a 

7.1 

Clear 

10.0 

21 

10  20 

M2a 

7.0 

Haze 

10.0 

31 

9  30 

a2M 

7.4 

Wind 

10.0 

Nov 

1 

8     7 

h  =  M 

8.0 

Clear 

7.5('.') 

2 

8  50 

h?,M 

8.3 

Haze 

10.0 

3 

9  48 

61  M 

8.1 

Clear 

10.0 

10 

10   10 

64M 

8.4 

Haze 

11 

8  25 

63M 

8.3 

Haze 

17 

7     2 

64il/ 

8.4 

Haze 

24 
20 
29 

to  identih 

Even'g 

8  55 

Even'g 

Mira  in  the  aut 

^ot  S6Gn 

<9.0 

Dec 

Not  sGpn 

<9.0 

^^nt  QPPti 

<9.0 

I  tried 

Limn  of  1921,  but 

without  result. 

Helsingor,  Denmark,  1922, 

Aug.  26. 

OBSERVATIONS  OF  THE  ASTEROID  EROS  IN   1921, 

with  the  40-inch  and  12-lnch  refractors  of  the  yerkes  observatory, 
By    G.    van    BIESBROECK. 


1921 

G.  M.T. 

la 

A5 

o  a  pp. 

5  app. 

log  PjA 

log  P5A 

Instr 

* 

Aug.    14 

h      m       s 

18  38  22 

-o" 

5.28 

+  2  41.4 

h       m       s 

23  32   13.83 

+  11   27  44.2 

9.155/1 

0.661 

40 

1 

18 

20  42  46 

+ 

7.88 

+5     0.0 

27  53.28 

12     7     4.0 

9.120 

.652 

40 

2 

Sept.     1 

20  32  29 

+ 

12.43 

-2  59.5 

7   12.94 

13  41    14.0 

9.393 

.651 

40 

3 

0 

16  36  55 

— 

16.94 

-9     3.1 

23     0  20.06 

53  27.0 

9.176n 

.632 

12 

4 

6 

20  25  19 

— 

33.22 

-2  40.0 

22  58  10.96 

55  55.6 

9.454 

.657 

40 

5 

7 

15     2  42 

_ 

16.69 

-2     2.2 

56  45.27 

57  18.5 

9.460n 

.658 

40 

6 

8 

20  27  36 

_ 

14.06 

+  3  58.1 

54  26.83 

58  53.9 

9.479 

.662 

40 

7 

11 

16  59  40 

+ 

18.17 

-0  49.4 

49     3.57 

59  54.1 

8.610/1 

.621 

40 

8 

14 

16  17  35 

-0 

7.00 

-4     5.7 

22  43  27.28 

13  57  17.4 

8.946n 

0.625 

40 

9 

!.-,>< 
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1921 

G.  M.  T. 

Aa 

^5 

a  app. 

5  app. 

log  p^A 

log  p,A 

Instr. 

* 

Sept 

17 

h      m       s 

20  22   1-1 

+  0" 

1. 00 

+  0     4.0 

h      m       s 

22  37  33.53 

13  50  30.0 

9.593 

0.700 

40 

10 

18 

16  37   12 

+ 

15.30 

+  2  46.6 

30     1.87 

48   12.8 

7.748?i 

.024 

40 

11 

21 

16  21     6 

+ 

0.53 

+  1  48.1 

30  43.44 

37  25.8 

7.564?( 

.626 

40 

12 

25 

16   12  5i) 

- 

10.79 

+  8  45.9 

24     4.59 

13    19     4.5 

8.381 

.630 

40 

13 

30 

13  26     6 

+ 

10.66 

+  4  58.8 

16  51.42 

12  51     8.1 

9.371/1 

.658 

12 

14 

Oct. 

2 

14  30  on 

- 

44.21 

+  5     8.4 

14   11.02 

12  38     9.2 

9.003H 

.643 

40 

15 

3 

14  33     7 

+ 

6.01 

-0  24.1 

12  57..57 

12  31  46.8 

8.938?i 

.643 

12 

16 

12 

15  52  39 

- 

2.55 

+  1     6.0 

4  32.07 

11  30  25.2 

9.172 

.661 

40 

17 

13 

13  26     6 

- 

1.12 

+  1     9.9 

3  58.  ()0 

11  24  29.8 

9.084n 

.660 

40 

18 

23 

13  39  43 

+ 

13.38 

-0  25.1 

0  57.66 

10  23     3.5 

8.175?i 

.668 

40 

19 

Nov. 

() 

12  48  53 

+ 

9.01 

+  0     6.9 

6   11.79 

9  25  50.3 

8.226?? 

.679 

40 

20 

9 

15  31    16 

- 

0.96 

-5  14.8 

8  41.49 

9  18  52.6 

9.459 

.703 

40 

21 

20 

13  35   19 

-0 

0.23 

-4  58.1 

22  20  45.27 

+  9  12  17.5 

9.167 

0.687 

40 

22 

Comparison  Stars 


Red.  ad  loc.  app. 

* 

"(1921.0) 

5(1921.0) 

.\uthority 

Aa 

AS 

h        m       s 

0 

s 

„ 

1 

23  32  15.56 

+  11   24  42.4 

+  3.55 

+  20.4 

B.  D.  ir  5029  ref.  to  A.  G.  Lpz.  I  9386 

2 

23  27  41.77 

12     1  42.8 

3.63 

21.2 

Anon.  ref.  to  A.  0.  Lpz.  I  9354 

3 

23     6  56.68 

13  44  35.8 

3.83 

24.2 

Bord.  ph.  +14°,  23''  4">,  No.  S5 

4 

23     0  33.15 

14     2     5.0 

3.85 

25.1 

.4.  G.  Lpz.  9201 

5 

22  58  40.32 

13  58   10.3 

3.86 

25.3 

Bord.  ph.  +14°,  22"  56'",  No.  138 

6 

56  58.10 

13  58  55.2 

3.86 

25.5 

Bord.  ph.  +14°,  22'"  56"',  No.  121 

7 

54  37.03 

13  54  30.1 

3.86 

25.7 

Bord.  ph.  +14°,  22''  56'",  No.    97 

8 

48  41.54 

14     0   17.1 

3.86 

26.4 

Bord.  ph.  +14°,  22'' 48'",  No.  209 

9 

43  30.43 

14     0  56.2 

3.85 

26.9 

Bord.  ph.  +14°,  22'' 40-",  No.  192 

10 

37  28.70 

13  50     4.6 

3.83 

27.4 

Bord.  pli.  +14°,  22'' 40'",  No.  124 

11 

35  42.75 

13  44  58.6 

3.82 

27.6 

Bord.  ph.  +14°,  22"  32'".  No.  203 

12 

30  39.12 

13  35   19.6 

3.79 

28.1 

Bold.  ph.  +14°,  22"  32'",  No.  131 

13 

24  11.63 

13     9  50.0 

3.75 

28.6 

Kii  9955 

14 

16  37.08 

12  45  40.1 

3.68 

29.2 

Kii  9896 

15 

14  51.57 

12  32  31.5 

3.66 

29.3 

Ku  9882 

16 

12  47.91 

12  31  41.5 

3.65 

29.4 

A.  G.  Lpz.  I  8895 

17 

4  31.10 

11   28  49.4 

3.52 

29.8 

A .  G.  Lpz.  I  8833 

18 

3  50.24 

11   22  .50.1 

3.48 

29.8 

/>'.  D.  1  r  4732  ref.  to  .1.  G.  Lpz.  I  8826 

19 

0  40.94 

10  22  58.9 

3.34 

29.7 

A.(;.  Lpz.  7  8802 

20 

5  59.62 

9  25   14.1 

3.16 

29.3 

Tou.  ph.  +90°,  22"  4'",  No.  129 

21 

8  39.31 

9  23  38.1 

3.14 

29.3 

Toil.  ph.  +9°,  22"  4'",  No.  170 

22 

22  20  42.44 

+  9  16  46.9 

3.06 

28.7 

Tou.  ph.  +9°,  22"  20'°,  No.  27 

Williams  Bay, 

July,  1922.  

CONTENTS. 
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MERIDIAN   CIRCLE   LATITUDES, 

By  R.  H.  tucker. 


The  astronomical  latitude  is  defined  as  (hat  given 
by  an  adopted  system  of  stars.  We  have  generally 
reduced  our  values  with  the  declinations  of  the  new 
system  of  Auwers,  but  there  have  been  departures 
from  this  practice,  each  one  covering  at  least  a  year  of 
observation. 

The  following  values  from  circumpolar  stars  at  both 
culminations  were  summed  up  two  years  ago,  upon 
request  for  the  data.  The  stars  are  not  the  same  in  all 
the  years,  as  some  years  include  a  larger  proportion  of 
our  list  of  48  stars,  and  only  the  values  from  double 
culminations  have  been  included.  The  observed  lat- 
itudes have  been  corrected  for  the  latitude  variation, 
from  the  results  of  the  International  zenith  telescope 
stations,  at  the  epochs  of  our  observations.  Correc- 
tions to  the  Poulkova  refractions  have  been  applied,  as 
required  at  this  station. 


EPOCH 

<Po 

wi 

1893.7  to  1896.5 

37°  20'  25".80 

3 

96.6  to 

97.8 

69 

1 

97.8  to 

98.4 

70 

1 

98.7  to 

1900.5 

73 

3 

1901.4  to 

4.3 

80 

4 

5.5  to 

6.5 

83 

1 

14.1  to 

15.0 

68 

2 

17.1  to 

18.2 

66 

2 

Weighted  Mean 

25.75 

The  weights  were  assigned  according  to  the  number 
of  weights  in  each  result,  nearly  nine  hundred  in  all. 
The  average  residual  for  weight  one  is  ±0".05.  The 
computed  least  squares  rate  in  <po  would  be  —  0".003 
per  year,  but  this  computed  rate  has  no  real  significance 
in  comparison  with  the  accidental  errors  of  the  indivi- 
dual results.  The  mean  epoch  is  1904,  and  there  are 
thirteen  full  years  included. 

Since  the  errors  of  the  adopted  declinations  have 
been   eliminated,    and   all   the  results  are  affected  by 


the  same  classes  of  systematic  errors,  the  series  should 
be  suitable  for  a  study  of  changes  of  latitude.  If 
there  is  a  sudden  change  it  should  appear  in  the 
annual  values,  as  well  as  in  those  close  to  the  epoch  of 
change.  There  appears  to  be  a  fairly  regular  increase 
from  1897  to  1906,  followed  by  a  fall.  A  similar  fall 
would  precede  1897.  If  we  could  assume  that  the 
systematic  errors  were  invariable  throughout  this 
period  of  a  quarter  of  a  century,  there  might  be  some 
slight  significance  in  the  differences  of  (po.  From 
the  average  residual,  the  legitimate  difference  to  be 
expected  between  two  values  is  0".07,  and  the  dis- 
tribution of  accidental  errors  allows  for  at  least  one 
difference  of  twice  the  average  size  —  which  is  what 
appears,  following  1906.  The  long  interval,  in  which 
no  yearly  results  were  available  for  tabulation,  may 
partially  account  for  this  largest  difference  between 
consecutive  values.     The  average  is  =t0".06. 

The  latitude  from  these  observations  of  circumpolar 
stars  is  subject  to  various  systematic  errors.  Bisection 
error  will  affect  the  results  at  both  culminations  by 
the  same  amount,  on  the  presumption  that  it  is  con- 
stant for  all  zenith  distances.  My  error  at  the  zenith, 
derived  from  several  hundred  measures,  is  0".05, 
and  the  correction  is  to  be  applied  with  the  contrary 
sign  to  that  for  the  atmospheric  refraction. 
"  Flexure  is  very  small  for  this  instrument.  From 
many  sets  of  measures  at  various  epochs  the  semi 
horizontal  flexure  does  not  exceed  0".l  sin  Z.D.  and 
the  correction  is  to  be  applied  with  the  same  sign  as 
that  for  refraction.  Whether  we  apply  both  corrections 
or  omit  both,  the  latitude  from  circumpolars  will 
be  about  the  same. 

The  effect  of  graduation  errors  enters  each  result, 
and  there  are  separate  errors  for  upper  and  lower 
culminations.  There  appears  to  be  no  periodic  term 
in  our  errors  of  graduation,  measured  thus  far  for  each 
10'  of  the  fixed  circle.  They  are  nearly  fortuitous  in 
character,  and  average  ±0".15  for  the  mean  of  four 
divisions,  the  graduation   error  of   the   nadir    reading 
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affects  the  laititude  rcjsults  ft-onij  all  stars  by  the  same 
amount  in  o'ne  'position  of  the  instrument,  using  the 
fixed  circle.  The  effect  is  eliminated  from  the  mean 
results  in  both  positions  of  the  instrument,  and  our 
observations  of  circumpolar  stars  have  been  well  dis- 
tributed in  both.  Some  use  has  also  been  made  of  the 
movable  circle,  shifting  it  for  each  night,  thus  intro- 
ducing an  accidental  error  in  place  of  the  sj'stematic 
error  for  any  individual  star. 

There  is  also  a  systematic  error  in  setting  upon  the 
nadir,  one  of  the  forms  of  personal  equation  which  wc 
are  accustomed  to  assume  as  invariable  —  for  which 
assumption  there  is  unfortunately  no  direct  test. 
'The  onl.y  control  of  changes  in  flexure  and  in  bisec- 
tion eri-or  is  to'  make  repeated  measures,  adopting  a 
mehri  Value  unless  the  evident  change  is  larger  than 
might  be  due  to  the  errors  of  measurement.  Actual 
changes  may  account  for  some  of  the  differences 
betVeen  our  computed  results. 

•  The  Poulkova  refractions  appeared  to  satisfy  the 
results  from  circumpolar  stars  and  from  stars  at  the 
equator,  on  the  old  system  of  Auwkrs,  in  my  earliest 
work  with  this  instrument.  Subsequent  observations 
at  greater  zenith  distances,  including  lower  culmina- 
tions of  stars  south  of  70°,  established  a  correction  of 
—  0".2  tan  Z.D.  during  the  night  hours.  The  declina- 
tion system  at  the  equator  accordinglj-  requires  a 
correction,  which  is  confirmed  by  other  sources  of 
information.  Recent  work  has  established  a  diurnal 
term  In  the  refraction  correction  at  this  station, 
amounting  to  0".5  tan  Z.D.  between  day  and  night. 
This  is  of  importance  in  deriving  latitudes  from  consecu- 
tive transits  of  the  same  circumpolar  at  upper  and 
lower  culminations. 

Our  fundamental  work  gives  us  a  diurnal  term  in 
the  observed  latitudes,  of  the  form  -f0".14  cos  T, 
where  T  is  reckoned  from  noon.  Tiiis  variation 
depends  in  large  part  upon  observations  close  to  the 
zenith,  and  should  not  be  due  to  refraction  errors. 
It  may  possibly  indicate  a  small  correction  to  the 
adopted  constant  of  nutation,  and  may  be  another 
expression  of  the  periodic  term  that  is  evident  in  clock 
corrections  near  sunset  and  sunrise,  and  in  clock  rates 
during  the  night.  Thus,  in  addition  to  the  accidental 
errors,  the  effect  of  which  may  be  diminished  by 
numerous  observations,  these  j'early  latitude  results 
are  affected  by  systematic  errors  of  bisection,  flexure, 
gradiiation,  Nadir,  and  refraction.  Some  of  these 
sj'stematic  errors  may  not  be  constant.  Nearly  all 
of  them  are  virtually  eliminated  in  our  observations 
of  declinations. 

We  were  requested  nearlj^  two  years  ago  to  furnish 
our  latitude  results  for  each  quarter  of  a  year.     The 


errors  of  |t^he  decilinatjons  adopted  for  the  circumpolar 
stars  arc'  not  eliminated  in  quarterly  values  of  fa- 
The  results  from  oh.servations  of  fundamental  stars, 
which  are  more  than  twice  as  numerous,  were  accord- 
ingly combined  with  those  of  the  circumpolars.  The 
following  tabulated  (po  is  in  each  case  the  half  sum  of 
the  latitudes  from  circumpolar  stars  and  from  funda- 
mental   stars,    generally    south    of    the    zenith. 

On  the  general  principle  that  it  is  better  to  eliminate 
errors  than  to  measure  them  and  apply  the  correspond- 
ing corrections,  this  combination  presents  some  definite 
advantages.  Bisection  error  and  flexure  should  closely 
balance  in  effect  for  stars  at  the  equator  and  the 
circumpolars  at  upper  culmination,  of  average  declina- 
tion 75°.  Errors  of  the  adopted  refraction  should 
nearly  balance.  All  three  should  similarly  nearly 
balance  for  stars  at  —30°,  and  the  circumpolars  at 
lower  culmination.  No  system  of  weighting  will 
lead  to  any  practical  improvement  of  the  half  sum, 
since  the  systematic  errors  to  be  eliminated  are  likely 
to  be  of  more  importance  than  the  accidental  errors  of 
observation.  Changes  in  some  of  the  systematic 
errors  do  not  affect  the  adopted  half  sum  of  the  lati- 
tudes, from  stars  north  and  south  of  the  zenith,  at 
nearly  the  same  angular  distance  from  it. 

In  one  year  there  are  only  the  results  from  observa- 
tions of  a  list  of  close  circumpolar  stars.  One  half  the 
correction  to  Auwers'  system  at  the  equator  has  been 
applied  to  the  quarterly  ^o  for  that  year,  with  the 
contrary  sign.  This  is  the  only  correction  applied 
that  depends  upon  our  own  results  of  observation.* 
In  other  the  cases  one  half  the  systematic  differences 
of  the  catalogue  declinations  have  been  applied. 

These  corrections  are  not  rigorously  applicable  to 
quarterly  ^o,  since  there  is  a  periodic  term  in  each 
A6.  Even  in  the  yearlj'  <pa  the  corrections  are  not 
rigorously  exact,  since  A5  has  been  computed  from  all 
the  stars  common  to  two  catalogues.  But  they  are 
close  approximations  to  the  proper  corrections,  and 
the  best  that  can  be  derived  without  going  into  exces- 
sive detail. 

In  the  case  of  Nkwcomb,  which  contains  fifty  per 
cent  more  stars  than  Auwers,  many  stars  were  observed 
for  which  there  was  no  A3  available.  The  correction  is 
correspondingly  uncertain. 

The  observations  of  the  first  three  years  were  reduced 
with  declinations  of  the  old  system  of  Auwers,  between 
-10°  and  -f  15°.  The  catalogue  A5  is  0".01  for  this 
zone,  and  no  correction  has  been  applied.  The  cor- 
rection to  N.B.S.  is  one  half  A5  between  the  equator 
and   -f-70°.     For  Auwers'  southern  catalogue  of  303 

fThe  correction  is  dorivcd  fi-diii  all  our  work,  and  is  ajipliod  for 
this  one  year  only. 
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fundamental  stars  the  correction  to  reduce  to  the  old 
B.J.  system,  given  in  the  Jahrbuch  for  1900,  was 
-0".50  +0".02  6°.  To  reduce  to  the  new  B.J.  system 
the  correction  is  — 0".15  +0".015  5°,  and  one  half  of 
this  has  been  applied,  for  the  mean  declination  —13°. 

For  Newcomb  one  half  the  A5  between  —30°  and 
+30°  has  been  applied.  For  Boss  P.G.C.  one  half 
the  A5  between  —30°  and  +70°. 

Observations  in  1907,  1916  and  three  isolated  values 
later  than  1918  have  been  added  to  the  data  originally 
compiled.  The  occurrence  of  three  earthquakes  of 
sensible  character,  (perhaps  a  mild  designation),  has 
been  noted.  Two  or  three  months  of  observation  have 
been  included  in  each  quarterly  value,  since  gaps  in 
observation   render   a  uniform   combination   of   three 


successive  calendar  months  impossible,  in  many  ckses. 
The  last  three  have  been  corrected  for  latitude  varia- 
tion by  the  computed  expression  for  <p  —  <po.  Each 
quarterly  value  is  subject  to  a  correction  of  tte  half 
sum  of  the  errors  of  declination  of  the  circumpolar 
stars  observed,  and  those  of  the  accompanying  funda- 
mental stars.  An  average  of  about  twenty  nights' has 
been  included  in  each  quarter!}'  (po-  The  mean  >o 
is  37°  20'  2o".595  (±0".013),  with  the  use  of  Atjwers 
declinations  for  the  fundamental  stars.  The  applica- 
tion of  the  systematic  corrections  for  other  authorities 
has  reduced  the  mean  value  by  less  than  0".03. 
The  residuals  are  distributed  closely  according  to  the 
law  of  distribution  of  accidental  errors.  Out  of  67 
residuals  there  are   30  that  exceed  the  probable  error. 
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=tO".10.  There  are  14  that  exceed  twice  the  probable 
error,  and  the  theoretical  distribution  allows  11. 
There  are  2  that  exceed  three  times  the  probable  error, 
and  theory  allows  that  number.  There  arc  31  plus, 
33  minus  residuals   and  3   of  zero. 

The  run  of  the  differences  between  consecutive 
values,  from  which  sudden  changes  of  position  might 
lie  predicated,  follows  the  law  of  distribution  of  acci- 
dental errors  equally  well.  There  are  33  plus  differences 
and  33  minus.  The  average  is  ±0".165.  Out  of  66 
differences  there  are  35  that  exceed  the  probable  error, 
=t0".14.  There  are  10  that  exceed  twice  the  probable 
error,  and  theory  allows  11.  There  are  four  that  exceed 
three  times  the  probable  error,  while  theory  allows  for 
two.  None  are  as  large  as  four  times  the  probal)le 
error,  for  which  theory  allows  us  one  in  about  one 
hundred  and  fifty  residuals.  The  two  largest  are  for 
the  intervals  in  which  the  1903  and  1911  earthquakes 
occurred.  Their  size  is  more  likely  to  be  due  to  the 
chance  juxtaposition  of  two  rather  large  residuals  of 
<,rj  of  contrary  signs  in  each  case,  than  to  an  actual 
shift  of  position. 

Moreover,  there  are  tlistinct  deviations  of  the  sea- 
sonal latitudes,  which  cnddently  correspond  to  the 
jK'riodic  term  in  A5,  summed  up  in  combinations  of 
six  hours  each.*  The  above  table  gives  the  following 
mean  values  for  this  periodic  term  in  observed  latitude. 


SUMMATION    QU.\RTERLY    ipo 


EPOCH 

1906.13 
.36 
.62 

.80 


NO. 

15 
19 
15 

18 


25".63 
.63 
.54 
.56 


-f-0".04 
+      .04 

-  .05 

-  .03 


The  average  difference  between  the  second  and  fourth 
quarters  is  — 0".07,  due  to  systematic  errors  of  declina- 
tions, and  this  should  be  taken  into  account  in  the 
1903  results.  Considerable  discussion  has  arisen  over 
that  particular  difference,  and  it  seems  proper  to  give 
the  values  for  that  year  in  detail. 

All  of  the  nights  of  June  gave  values  of  <po  above  26", 
and  the  relatively  large  difference  between  the  second 
and  fourth  seasons  is  more  probably  due  to  the  excep- 
tionally high  (f>u  in  June,  than  to  the  earthquake  in 
August. 

The  yearly  values  of  ipo  have  the  declination  errors 
of  the  (rircumpolar  stars  practically  eliminated.  There 
remains,  as  a  systematic  correction,  one  half  the  correc- 
tion to  the  declination  system  of  Auwers,  for  stars 
which  extend  from  —31°  to  -|-70°  in  various  periods  of 

*Aslronomcal  Journal  No.  809. 
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the  observations.  The  foliowug  combinations  of 
quarterly  values  have  been  made  without  including 
two  at  the  same  season  of  the  year,  except  in  those  for 
1899,  1907  and  1921.  There  are  many  isolated  groups 
of  observations  that  are  not  included  in  the  compila- 
tion, not  having  enough  individual  weight. 

The  four  values,  1901  to  1904,  in  which  the  declina- 
tions of  Newcomb  were  employed,  have  a  mean  resi- 
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dual  0".l  higher  than  the  remainder  of  the  hst.  Any 
apparent  upward  trend  in  "our  latitude  is  more  likely 
to  be  due  to  the  undetermined  corrections  to  that 
system,  than  to  actual  movement  of  the  observing 
station. 

The  tpa  for  1903  precedes  the  earthquake  of  that  year, 
and  the  (po  for  1904  follows  it.  The  difference  between 
the  two,  —  0".20,  is  exceeded  in  size  by  three  other 
differences  between  consecutive  yearly  values.  One 
of  these  comes  in  the  interval  corresponding  to  the 
1911    earthquake,    and    is   of   the    opposite   sign. 

For  the  entire  series  the  least  squares  rate  of  ipa  is 
less  than  C'.OOl  per  year.  This  indicates  that  the 
systematic  error  of  the  proper  motions  of  Auwers 
must  be  negligible.  The  same  would  be  true  for  those 
of  Newcomb.  The  mean  difference  of  Boss  from  the 
other  two  authorities  is  0".002.     These  figures  do  not 


give   support   to   the   recent   hypothesis   of   Kapteyn 
that  the  mean  error  is  above  0".01. 

Dividing  our  series  into  two  parts,  the  mean  ip^ 
from  1893  to  1903  inclusive  is  25". 63,  and  the  computed 
rate  is  +0".02  per  year.  From  1904  to  1922  the  mean 
is  25".56,  and  the  rate  is  +0".01.  Apparently  there 
was  a  decrease  of  0".07,  following  the  1903  earthquake. 
This  decrease  and  the  resulting  rates  are  most  probably 
due  largely  to  the  uncorrected  declinations  of  Newcomb. 
If  the  four  years  of  use  of  that  system  are  not  included 
in  the  computation,  the  mean  is  25". 57,  and  the  rate 
is  +0".002.  Computed  values  are  so  largely  influenced 
by  errors  of  declination,  proper  motion  and  observa- 
tion that  caution  should  be  exercised  in  drawing  con- 
clusions as  to  real  changes  in  the  position  of  the  observ- 
ing station.  Uck  Observatory, 

July  15,   19S2. 


ON   THE   DAILY  VARIATION   IN   CLOCK  CORRECTIONS, 

Bv  H.  R.  MORGAN. 
[Communicated  by  Capt.mn  W.  D.  MacDougall,  Superintendent,  U.  S.  Naval  Observatorj-.j 


In  the  Astronomical  Journal,  No.  795,  it  was  shown 
that  the  dailj'  variation  in  the  clock  corrections  as 
determined  from  observations  taken  on  the  9-inch 
transit  circle  of  the  U.  S.  Naval  Observatory,  from 
1903  to  1911,  was  a  negligible  quantity;  and  in  the 
present  paper  the  observations  from  1913.5  to  1920.9, 
which  were  taken  under  a  slightly  different  plan  of 
work,  are  similarly  discussed. 

During  this  period  observations  of  clock  stars  were 
commenced  soon  after  sunset  in  the  evenings  and  con- 
cluded shortly  before  sunrise  in  the  mornings;  no 
observations  being  taken  with  the  Sun  less  than  6° 
below  the  horizon.  The  observers  on  the  two  halves 
of  a  night  alternated,  such  that  each  preceded  and 
followed  every  other  one  within  a  fortnight;  with  the 
result  that  any  uncertainty  in  the  relative  equations, 
as  determined  and  applied,  would  be  eliminated  from 
groups  of  daj-  to  day  clock  rates,  and  from  groups  of 
differences  morning  minus  evening  clock  corrections. 
By  means  of  a  variable  screen  sj^stem  the  magnitude  of 
oliservation  of  all  stars  M-as  about  9.0.  The  screens 
also  cut  out  twilight  so  that  artificial  field  illumination 
was  always  used. 

The  instantaneous  values  of  the  collimation,  level, 
and  azimuth  of  the  instrument  were  determined  every 
three  or  four  hours  from  sunset  to  sunrise.  The 
azimuth  was  given  by  readings  on  the  north  and  south 
meridian  marks,  and  mean  group  positions  of  the 
marks  were  determined  from  observations  of  circum- 
polar  stars  at  each  end  of  the  night;  and  in  each  group 


each  ob.server  took  an  equal  number  of  observations 
above  and  below  pole  of  a  given  star.  In  the  pre- 
liminary reductions  the  azimuth  of  the  marks  was 
taken  as  constant  throughout  the  night,  and  for  a 
number  of  weeks  at  a  time.  From  the  present  exam- 
ination of  some  1,700  observations  of  azimuth  stars  it 
was  found  that  the  mean  azimuth  of  the  marks  was 
0'.012  greater  in  the  morning  than  in  the  evening. 
The  difference,  morning  minus  evening,  shows  a  small 
variation  during  the  year,  as  shown  in  Table  I;  and  is 
similar  year  to  year,  as  shown  in  Table  II.  The  posi- 
tions of  the  azimuth  stars  used  were  from  fundamental 
observations  in  1908-1911. 

The  positions  of  the  186  clock  stars  used  in  deter- 
mining the  clock  corrections  were  derived  from  a  dis- 
cussion of  4,348  observations  on  303  complete  nights 
during  the  period  1913.5-1918.5;  the  period  of  ob- 
serving var3-ing  from  8  hours  on  a  summer  night  to  14 
hours  on  a  winter  night.  This  .system  agrees  closely 
with  that  derived  from  7.000  observations  during  the 
period  1903-1911. 

The  rates  of  the  clocks  were  determined  from  differ- 
ences in  clock  corrections  taken  at  the  same  decimal 
of  a  day  a  few  days  apart,  so  chosen  as  to  eliminate 
relative  personal  equations,  and  star  places  from  the 
rate  curve.  The  Riefler  clocks  are  sealed  in  glass 
cases  under  constant  pressure,  and  are  kept  in  the 
clock  vault  under  constant  temperature. 

From  3,600  observations  of  clock  stars  on  463 
nights,  in  the  eight  years  under  discussion,  it  was 
found  that  the  clock  corrections  determined  shortly 
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before  sunrise  were  C.OOQ  larger  than  those  deter- 
mined shortlj-  after  sunset,  on  an  average  9.5  hours 
earlier.  These  results  are  given  in  the  fourth  column 
of  Table  L     Taking  account  of  the  daily  motion  in 


the  marks,  as  given  in  the  fifth  column,  the  true 
difference  in  the  clock  corrections  comes  out  -j-0'.003, 
the  morning  correction  being  the  larger.  This  is 
shown  in  the  last  column  of  the  table. 


Jan.,  Feb.,  Mar. 
Apr.,  May,  June 
July,  Aug.,  Sept. 
Oct.,  Nov.,  Dec. 
Means 


No.  Nights 

115 

113 

91 

144 


TABLE    I 


Interval 

10'-.  1 
8  .2 
8  .8 

10  .7 
9''.5 


Morning  Minus  Evening 


A  Clock  Cor. 

+  0».005 
+  0.012 
+  0  .009 
+  0  .008 
+0^0087 


.i  Xz. 

Corr'd  A  Clock  Cor 

+o^Oll 

-0^006 

+  0  .004 

+  0  .008 

+  0  .001 

+  0.008 

+  0  .002 

+  0  .006 

+  0^0055 

+  0'.0032 

TABLE   II 
Morning  Minus 


1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 


No. 
Nights 

39 

70 

70 

71 

32 

37 

53 

91 


A  Clock 
Cor. 

-0'.003 

+  0.013 

+  0.017 

+  0.014 

+  0.015 

+  0  .001 

+  0.002 

+  0  .004 


A  Az. 
+  0\001 
+  0  .006 
+  0  .002 
+  0  .007 
+  0.011 
+  0  .008 

0  .000 
+  0  .009 

Mean 


Evening 
Corr'd 
A  Clock  Cor. 

-0^004 
+  0  .007 
+  0.015 
+  0  .007 
+  0  .004 
-0.007 
+  0  .002 
-0.005 

+  0^003 


A  grouping  of  the  .same  data  by  years  is  given  in 
Table  II. 

This  mean  value,  +0'.003,  of  the  variation  in  the 
clock  correction,  during  the  night  is  similar  in  size 
but  of  opposite  sign  to  that,  —  0'.007,  derived  from 
the  work  of  the  eight  preceding  years;  and  the  mean 
result,  —  0^002,  from  839  nights,  confirms  the  conclu- 
sion of  the  former  paper,  that  there  is  practically  no 
daily  variation  in  the  clock  corrections  resulting 
from  work  on  this  instrument  in  the  last  eighteen 
years;  and  that  the  clocks  have  the  same  rate  daj' 
and  night. 


VARIATION  OF  LATITUDE  OBSERVATIONS  AT  THE  U.  S.  NAVAL  OBSERVATORY, 

By  F.   B.  LITTELL. 
[Communicated  by  Captain  W.  D.  MacDotjgall,  U.  S.  Navy,  Superintendent  .] 


The  observers  during  the  period  1921.0  —  1922.0 
were  F.  B.  Littell  and  J.  D.  Wise.  Practically  all 
of  the  plates  were  measured  by  Mr.  Wise.  The  pro- 
gram and  star  list  were  the  same  as  in  the  period 
1915.9  —  1920.0,  the  results  for  which  are  contained  in 
A.J.  No.  783. 

The  scale  value  was  corrected  by  the  results  of  the 
observations  during  the  j'ear.  The  probable  error  of 
a  latitude  from  a  single  star  was  =fc0".108,  those  for  the 
five  preceding  years  ranging  from  ±0". 086  to  =t0".098. 
The  probable  error  of  a  latitude  for  a  single  night 
when  13  or  more  stars  were  observed  was  =fc0".034, 
those  of  the  five  preceding  years  ranging  from  =t  0".025 
to  ±0".036. 

The  value  of  the  constant  of  aberration  deduced 
from  the  closing  error  for  this  year  is  20".476.  The 
separate  values  for  each  of  the  six  years  covered  by 


this  work  are  given  below  for  comparison.  The  prob- 
able errors  of  the  values  for  the  separate  years  were 
deduced  from  the  probable  errors  of  the  group  differ- 
ences upon  which  they  depend. 


1916 

20.440 

±0.015 

1917 

20.476 

±   .013 

1918 

20.467 

±   .015 

1919 

20.413 

±   .014 

1920 

20.449 

±   .015 

1921 

20.476 

±   .014 

Mean 

20.454 

±0.007 

Table  1  gives  the  variation  of  latitude  at  Washing- 
ton for  each  twentieth  of  the  year  as  deduced  graph- 
ically from  the  adopted  latitude  curve. 
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Table  1 
Corrections  to  Mean  Latitude  for  Washington 


20.95 

-0.10 

21.00 

-   .07 

.05 

-   .04 

.10 

+  .01 

.15 

+  .07 

.20 

+  .11 

.25 

+   .13 

.30 

+   .15 

.35 

+    .15 

.40 

+   .13 

21.45 

+   .08 

1921.50 

+  0.05 

.55 

+   .03 

.60 

-   .01 

.65 

-   .05 

.70 

-   .10 

.75 

-    .15 

.80 

-    .17 

.85 

-    .16 

.90 

-    .14 

1921.95 

-1.11] 

1922.00 

-  [-09] 

Table  2  gives  for  each  observing  night,  the  initial  of 
the  observer,  the  number  of  stars  observed  and  the 
resulting  observed  excess  of  the  latitude  of  the  instru- 
ment over  +38°  55'  16". 00  for  each  group,  the  mean 
for  the  night,  and  the  correction,  "?;,"  to  reduce  the 
observed  latitude  to  that  given  bj^  the  adopted  curve. 

Table  2 

Observed  Latitudes  op  the  Photographic  Zenith 
Tube 


Date 

Obsr. 

No. 

Obs. 

Observed  Latitude 

V 

1921 

ii 

iii 

ii 

iii 

mean 

Jan.      1.4 

W 

8 

2 

0.94 

0.88 

0.93 

+0.03 

2.4 

W 

8 

1 

1.13 

0.98 

1.11 

— 

.14 

3.4 

L 

8 

8 

0.98 

0.94 

0.96 

+ 

.01 

4.4 

W 

6 

2 

0.97 

0.81 

0.93 

+ 

.04 

6.4 

W 

8 

8 

0.98 

1.02 

1.00 

— 

.03 

10.5 

L 

8 

1.01 

1.01 

— 

.03 

12.4 

L 

7 

8 

1.08 

0.91 

0.99 

- 

.01 

iii 

iv 

iii 

iv 

mean 

17.5 

L 

8 

1 

1.07 

0.65 

1.02 

— 

.03 

18.5 

W 

7 

5 

1.02 

0.89 

0.96 

+ 

.03 

23.5 

W 

7 

6 

1.09 

0.84 

0.97 

+ 

.03 

24.5 

L 

8 

8 

1.13 

0.97 

1.05 

— 

.05 

26.5 

L 

7 

5 

0.94 

0.94 

0.94 

+ 

.07 

27.5 

W 

8 

8 

0.97 

0.93 

0.95 

+ 

.06 

Feb.     3.4 

W 

2 

1.23 

1.23 

— 

.20 

6.5 

W 

8 

8 

1.04 

1.00 

1.02 

+ 

.02 

11.4 

W 

8 

5 

1.12 

1.07 

1.10 

— 

.04 

12.4 

L 

8 

8 

0.91 

1.12 

1.01 

+ 

.06 

14.4 

L 

7 

8 

0.93 

1.03 

0.98 

+ 

.09 

Date 

Obsr. 

No. 

3bs. 

Observed  Latitude 

v 

1921 

iii 

iv 

iii 

iv 

mean 

1 

Feb.   15.4 

w 

8 

7 

1.02 

0.96 

0.99 

+  0.09 

16.4 

L 

8 

6 

1.13 

1.07 

1.10 

-   .02 

22.4 

W 

8 

4 

1.09 

1.24 

1.14 

-   .04 

24.4 

W 

7 

8 

1.15 

1.25 

1.21 

-   .10 

iv 

V 

iv 

V 

mean 

Mar.     1.5 

L 

8 

5 

1.05 

1.18 

1.10 

+   .02 

3.4 

W 

3 

1.18 

1.18 

-    .05 

6.5 

W 

5 

6 

1.29 

1.33 

1.31 

-   .18 

7.5 

W 

5 

7 

1.11 

1.16 

1.14 

-   .01 

10.5 

W 

8 

8 

1.06 

1.11 

1.09 

+  .05 

11.5 

L 

8 

8 

1.10 

1.20 

1.15 

-    .04 

13.5 

W 

8 

6 

1.10 

1.12 

1.11 

+  .03 

16.5 

L 

5 

8 

1.20 

1.11 

1.14 

.00 

18.5 

L 

8 

7 

1.04 

1.29 

1.16 

-   .01 

22.4 

W 

8 

1.01 

1.01 

+   .14 

25.5 

L 

8 

8 

1.14 

L21 

1.17 

-    .02 

26.5 

W 

8 

7 

1.12 

1.17 

1.15 

.00 

29.5 

W 

7 

7 

1.16 

1.25 

1.20 

-    .04 

Apr.      1.5 

w 

8 

8 

1.12 

1.18 

1.15 

+   .01 

5.4 

w 

8 

8 

1.11 

1.15 

1.13 

+  .03 

11.4 

L 

7 

1.15 

1.15 

+  .02 

V 

vi 

V 

vi 

mean 

Apr.    19.6 

W 

8 

8 

1.26 

1.22 

1.24 

-   .06 

24.6 

L 

7 

8 

1.19 

1.13 

1.16 

+  .02 

May     8.5 

L 

8 

8 

1.19 

1.27 

1.23 

-    .05 

9.5 

W 

8 

8 

1.26 

1.25 

1.26 

-   .08 

16.5 

L 

8 

8 

1.23 

1.19 

1.21 

-   .04 

17.5 

W 

8 

8 

1.18 

1.08 

1.13 

+  .04 

19.5 

W 

8 

8 

1.16 

1.22 

1.19 

-   .02 

20.5 

L 

8 

8 

1.15 

1.16 

1.15 

+  .01 

22.4 

W 

7 

3 

1.13 

1.11 

1.13 

+  .03 

25.4 

L 

6 

1 

1.28 

1.20 

1.27 

-   .11 

26.4 

W 

6 

1.22 

1.22 

-   .06 

31.5 

W 

6 

7 

1.17 

1.16 

1.16 

-   .02 

June     2.5 

W 

6 

8 

1.22 

1.10 

1.15 

-   .01 

3.5 

L 

6 

8 

1.15 

1.09 

1.12 

+  .02 

vi 

vii 

vi 

vii 

mean 

June     5.6 

W 

7 

8 

1.12 

1.06 

1.09 

+  .04 

9.5 

W 

7 

6 

1.14 

1.02 

1.09 

+  .03 

10.5 

L 

6 

8 

1.14 

1.09 

1.11 

+  .01 

12.5 

W 

7 

8 

1.20 

1.08 

1.14 

-   .03 

19.5 

W 

8 

1.06 

1.06 

+  .04 

20.5 

L 

8 

8 

1.04 

1.05 

1.05 

+  .05 

21.5 

W 

4 

1.12 

1.12 

-   .02 
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Date 

Obsr. 

No. 

Obs. 

Observed  Latitude 

1!)21 

vi 

vii 

\T 

vii 

mean 

June  24.5 

L 

8 

6 

1.17 

1.14 

1.15 

26.5 

W 

7 

8 

0.98 

1.06 

1.03 

July      1.5 

L 

6 

6 

1.14 

1.03 

1.08 

2.5 

W 

6 

1.06 

1.06 

14.4 

W 

4 

1.18 

1.18 

16.4 

W 

8 

8 

1.14 

1.08 

1.11 

17.4 

W 

8 

1.06 

1.06 

18.4 

L 

8 

8 

1.03 

0.96 

0.99 

23.4 

W 

7 

8 

1.03 

0.90 

* 

24.4 

W 

8 

6 

1.09 

1.08 

* 

*Three  groups  observed.     Mean  of  all  with  vii,  viii. 


July 


Auf 


Aug. 
Sept. 


Oct. 


vii 

viii 

yii 

viii 

mean 

19.5 

W 

7 

8 

1.08 

1.14 

1.11 

20.5 

L 

8 

8 

1.10 

1.16 

1.14 

22.4 

L 

2 

1.03 

1.03 

23.5 

W 

8 

8 

0.96 

1.00 

1.00* 

24.5 

W 

6 

4 

1.08 

1.15 

1.10* 

25.5 

L 

8 

3 

0.99 

1.11 

1.02 

26.5 

W 

8 

8 

1.05 

1.08 

1.07 

31.5 

W 

8 

7 

1.06 

1.03 

1.04 

4.5 

W 

8 

8 

0.99 

1.06 

1.03 

8.4 

L 

5 

0.94 

0.94 

9.5 

W 

8 

8 

0.96 

1.02 

0.99 

11.4 

W 

7 

1 

1.01 

0.93 

1.00 

18.4 

L 

8 

8 

0.98 

1.01 

0.99 

22.4 

L 

8 

8 

1.01 

1.01 

1.01 

24.4 

L 

8 
viii 

7 
i 

0.85 
viii 

0.91 
i 

0.88 
mean 

30.5 

W 

8 

8 

1.09 

0.98 

1.04 

8.4 

W 

6 

1.00 

1.00 

14.4 

L 

8 

0.90 

0.90 

15.5 

W 

8 

7 

1.04 

0.93 

0.99 

18.4 

W 

7 

0.98 

0.98 

19.5 

L 

8 

7 

0.93 

0.91 

0.92 

22.5 

W 

8 

8 

0.92 

0.87 

0.90 

23.5 

L 

8 

8 

0.90 

0.94 

0.92 

26.4 

L 

o 

0.93 

0.93 

28.4 

W 

7 

8 

0.90 

1.01 

0.96 

29.4 

W 

5 

0.85 

0.85 

30.4 

W 

8 

8 

0.97 

0.84 

0.90 

1.4 

W 

8 

8 

0.83 

0.85 

0.84 

-0.06 

+  .06 

.00 

+  .02 

-  .11 

-  .05 
.00 

+   .07 


-  .05 

-  .08 
+  .02 
+  .05 

-  .05 
+   .03 

-  .02 
.00 
.00 

+   .08 

+   .03 

+  .01 

.00 

-  .02 
+   .10 


-  .07 

-  .05 
+  .03 

-  .06 

-  .06 
.00 

+  .01 

-  .01 

-  .03 

-  .07 
+  .04 

-  .01 
+  .04 


Date 


Obsr. 

No. 

Obs. 

Observed  Latitude 

viii 

i 

viii 

i 

mean 

W 

8 

7 

0.80 

0.71 

0.76 

W 

7 

6 

0.91 

0.90 

0.90 

W 

6 

0.70 

0.70 

L 

8 

8 

0.77 

0.77 

t 

W 

6 

8 

0.84 

0.81 

t 

1921 


Oct.  2.4 
3.4 
4.4 
5.4 
6.4 
jThree  groups  ob.served.     Mean  of  all  with  i,  ii. 


Oct. 


Nov. 


Nov. 


Dec. 


Jan. 


5.5 

6.5 

8.5 

10.5 

13.5 

16.5 

20.4 

21.5 

24.5 

25.5 

27.4 

1.4 

4.5 

5.5 

12.4 

15.4 


21.5 

22.5 

29.5 

3.5 

18.4 

21.5 

27.5 

29.4 

30.4 

31.4 

1.4 

2.4 

5.4 

6.4 

7.4 

12.4 

13.3 

14.4 


i 

ii 

i 

ii 

mean 

L 

8 

8 

0.77 

0.82 

0.78t 

W 

8 

7 

0.81 

0.88 

0.84t 

W 

8 

8 

0.95 

0.95 

0.95 

L 

8 

8 

0.94 

0.94 

0.94 

W 

8 

8 

0.88 

0.87 

0.88 

W 

8 

7 

0.88 

0.93 

0.91 

W 

6 

0.80 

0.80 

L 

8 

8 

0.83 

0.82 

0.83 

L 

8 

8 

0.75 

0.67 

0.71 

W 

8 

8 

0.89 

0.84 

0.86 

W 

2 

1.02 

1.02 

w 

3 

0.93 

0.93 

L 

8 

8 

0.91 

0.76 

0.84 

W 

7 

8 

0.83 

0.92 

0.87 

W 

7 

8 

1.00 

0.88 

0.93 

W 

8 

8 

0.79 

0.91 

0.85 

ii 

iii 

ii 

iii 

mean 

L 

7 

0.80 

0.80 

W 

8 

0.91 

0.91 

L 

5 

7 

0.83 

1.04 

0.95 

L 

7 

4 

0.95 

0.76 

0.88 

W 

8 

0.96 

0.96 

W 

7 

6 

1.01 

1.04 

1.02 

L 

8 

8 

1.00 

0.90 

0.95 

L 

8 

3 

0.92 

1.23 

1.00 

W 

8 

8 

0.86 

0.87 

0.87 

L 

8 

2 

1.00 

0.66 

0.93 

W 

6 

8 

0.88 

1.02 

0.96 

L 

8 

5 

0.74 

0.93 

0.81 

L 

7 

7 

0.96 

1.04 

1.00 

W 

7 

1 

0.89 

0.69 

0.87 

L 

8 

8 

0.95 

0.86 

0.91 

L 

8 

8 

0.89 

1.00 

0.95 

W 

3 

0.98 

0.98 

L 

8 

8 

0.85 

0.94 

0.90 

+  0.12 
-  .02 
+  .17 


+  .09 
+  .03 

-  .08 

-  .08 

-  .02 

-  .05 
+  .06 
+  .03 
+  .15 

.00 

-  .16 

-  .07 
+  .03 

.00 

-  .05 
+  .03 


+  .09 

-  .02 

-  .05 
+  .02 

-  .04 

-  .09 

-  .02 

-  .06 
+  .07 
+  .01 
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OBSERVATIONS   OF  JUPITER'S  SATELLITES    VI, 

AND   OF  PHCEBE, 


VII   AND    T7// 


with  the  2-foot  reflector  of  the  yerkes  observatory, 
By  G.  van    BIESBROECK. 


The  24-incli  reflector,  ratio  of  aperture  1  to  4,  was 
used  at  full  aperture  for  obtaining  plates  covering  the 
field  of  the  faint  satellites.  As  far  as  possible  the 
plates  were  taken  in  pairs  in  immediate  succession  and 
the  moving  objects  were  then  recognised  without  too 
much  difficulty  by  means  of  the  blink-comparator. 
During  the  exposure  allowance  was  made  for  the  mo- 
tion of  the  satellites  by  shifting  the  guiding  eye-piece 
by  the  necessary  amounts.  Thus  the  exposure-times 
were  greatly  reduced;  the  satellites  appear  as  round 
images,  the  stars  as  trails,  short  enough  however  for 
easy  bisection.  The  measures  were  made  in  rectilinear 
coordinates  with  the  Gaertner  screw-machine,  used  for 
stellar-parallax  work.  The  plates  were  measured  in 
four  directions,  with  three  settings  on  each  object, 
star  or  satellite.  The  errors  inherent  to  the  peculiar 
grouping  of  the  silver  grains  in  any  faint  image  are  so 
much  larger  than  the  uncertainty  of  the  readings  that 
more  settings  would  have  been  useless.  The  satellite 
was  always  referred  to  three  nearby  small  stars  of 
11""  to  12™.  The  positions  of  these  were  deduced  from 
astrographic  plates  taken  for  this  special  purpose 
through  the  kindness  of  Mh.  G.  Lecointe  and  my 
colleagues  in  Uccle  (Belgium.)  These  plates  I  meas- 
ured in  the  same  machine.  Plate  constants  for  these 
were  computed  from   14  to  24  comparison  stars,  the 


positions  of  which  were  taken  from  the  recent  Abbadia 
catalogues.  By  means  of  these  constants  the  standard 
•  rectilinear  coordinates  of  the  faint  reference  stars  for 
the  satellite  were  found,  and  by  a  linear  tranisforma- 
tion  the  measure  coordinates  on  the  reflector  plate 
were  changed  to  astrographic  standard  coordinates. 
Then  the  equatorial  coordinates  for  the  equinox  of 
the  catalogue  stars  (1900)  and  finally  the  positions  for 
the  date  were  computed. 

The  positions  of  Phoebe,  Jupiter  VI  and  17/  given  in 
the  American  Ephemeris  were  found  close  enough  for 
locating  their  field.  For  Jupiter  VIII  no  ephemeris 
has  been  published  for  this  opposition  but  approximate- 
positions,  running  only  as  far  as  March  27  were 
kindly  communicated  to  the  writer  bj^  Mr.  J.  Jack- 
son (Greenwich).  The  object  was  found  on  the  first 
trial  plate  on  April  15,  some  50  sec.  east  and  10'  north 
of  the  computed  place.  No  attempt  was  made  to 
photograph  Jupiter  IX  since  this  would  have  required 
long  exposures  on  the  best  nights,  leaving  no  time  for 
the  other  objects. 

On  the  nights  when  I  was  on  duty  with  the  40-inch 
refractor  the  plates  were  exposed  by  Mr.  0.  Struve; 
his  name  is  indicated  by  the  letter  S  in  the  column 
"observers."  I  took  care  of  the  measures  and  reduc- 
tions. 


1922 

Gr.  M.  T. 

a  App. 

S  App. 

Parallax 
in  a                in  8 

Image 

E.xpos. 
Time 

Observer 

•^ 

Phcebe 

h       m        s 

h      ut       s 

o             ,             ,, 

g 

J 

m 

Mar.    3 

20     8  27 

'     12  23  12.95 

+  0  21  38.8 

+  0.01 

+0.7 

good 

36 

VB 

3 

21  39  56 

23   11.90 

0  21  44.9 

+   .03 

.7 

good 

36 

VB 

Apr.    19 

15  10  17 

10  43.20 

1  43     6.0 

-    .01 

.7 

fair 

35 

S 

19 

15  49  36 

10  42.75 

1  43     7.7 

-    .01 

.7 

fair 

35 

s 

22 

14  53  22 

12   10     2.41 

+  1  47     5.5 

-    .01 

+  0.7 

l^oor 

30 

VB 

(1137) 
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1922 

Gr.  M.  T. 

a  App. 

8  .V,,,.. 

Parallax 
in  a                in  8 

Iniase 

E.xpos. 
Time 

Observer 

Jvpiter  VI 

Mar. 

2 

20  39     0 

1l        III         s 

13  10  37.20 

-5  34  21.5 

+  0.01 

+  1.4 

poor 

lo"" 

s 

2 

22  49     0 

10  35.39 

-5  34  12.7 

+   .06 

1.4 

poor 

10 

s 

3 

20  54     2 

13  10  16.63 

-5  32  41.7 

+   .01 

1.4 

good 

36 

VB 

Apr. 

10 

16  55  27 

12  45  50.59 

-3  33  38.3 

+  0.00 

1.4 

good 

36 

VB 

19 

17  34   14 

45  49.85 

-3  33  33.6 

+   .02 

1.4 

fair 

36 

VB 

21 

17  38  59 

44  45.12 

-3  28  10.1 

+  .02 

1.4 

poor 

30 

VB 

22 

16   19  41 

12  44   15.17 

-3  25  40.3 

-    .01 

+  1.4 

good 

30 

s 

Jupiter  VII 

Aiir. 

19 

16  55  27 

12  43  31.52 

-3   19  41.2 

0.00 

+  1.4 

fair 

30 

VB 

19 

17  34  14 

43  30.76 

-3   19  38.2 

+0.02 

1.4 

fair 

36 

VB 

21 

17  38  59 

42  40.91 

-3   15     4.9 

+   .03 

1.4 

poor 

30 

VB 

22 

16  19  41 

42   18.15 

-3   12  57.4 

-   .01 

1.4 

fair 

30 

s 

29 

18  10  42 

39  45.54 

-2  58  27.0 

+   .05 

1.4 

fair 

40 

s 

29 

18  53  45 

12  39  44.94 

-2  58  27.1 

+   .06 

+  1.4 

poor 

40 

s 

Jupiter  VIII 

Apr. 

1.5 

15  16  12 

12  58  41.14 

-3  47  57.4 

-0.05 

+  1.4 

v.ft. 

47    ■ 

s 

15 

16     4  44 

58  40.33 

47  50.9 

-    .03 

1.4 

fair 

45 

s 

17 

17  46  47 

57  43.54 

41   19.2 

+   .02 

1.4 

fair 

45 

VB 

17 

18  32  18 

57  42.74 

41   12.6 

+  .03 

1.4 

fair 

40 

VB 

22 

18  42  27 

55  30.25 

26     9.3 

+   .05 

1.4. 

good 

60 

s 

28 

16  31  30 

53     3.36 

9  43.7 

.00 

1.4 

poor 

40 

VB 

28 

17   16  30 

53     2.72 

9  38.7 

+  .02 

1.4 

fair 

40 

VB 

30 

17     3  30 

52  16.37 

4  29.5 

+   .02 

1.4 

V.  ft. 

40 

S 

30 

17  45  30 

12  52   15.50 

-3     4  25.8 

+  0.04 

1.4 

fair 

40 

s 

Neglecting  the  small  taluilar  crror.s  of  the  planets  I  find  the  following  corrections  to  the  positions  comjjuted 
from  F.  E.  Ross'  elements  in  the  American  Epheineris  for  1922. 


0— c 


Phcebe  ^Nlarch    3 

April      19 


Jupiter  V/  March.    2 

3 

April      19 

21 

22 


+  0.7 

-   3 

+  1.3 

-16 

+  1.1 

-15 

s 

, 

-   4 

-1.4 

-   4 

-1.4 

-11 

-0.1 

-12 

-0.1 

-12 

0.0 

Jupiter  VII 

April 

1!) 

-   3 

-3.2 

21 

0 

-3.2 

22 

+   2 

-3.1 

29 

+  19 

-3.2 

Williams 

Bay 

Wis., 

Sept.  0 

1932. 
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OBSERVATIONS   OF   THE   SATELLITES   OF  SATURN,    1913-14, 

WITH    THE   26-INCH   REFBACTOR   OF   THE   V.  S.    NAVAL   OBSERVATORY, 

By  ASAPH  HALL. 

[Communicated  b\'  Capt.  W.  D.  MacDougali,,  U.  S.  Navy,  Superinteudent,  U.  S.  Naval  Observatory.] 


Date 

W.  U.  T. 

P 

W.  M.  T. 

s 

Comi). 

Seeing 

Power  and 
Ilium.. 

Remarks 

Ehea-Titan 

1913 

ll    111     8 

0 

ll    111    s 

,, 

Oct.   4 

14  36  29 

256.425 

14  37  32 

153.47 

4,4 

3-1 

367/),  Rrt. 

Windy.  Poor  obserA 

ations. 

4 

15  22  31 

256.069 

15  23  22 

150.91 

4,4 

3-4. 

367/;,  Brt. 

14 

13  2  2 

73.754 

13  5  30 

259.45 

•4,4 

3 

3676,  Brt. 

Bright  moonlight. 

14 

13  53  28 

72.953 

13  53  36 

257.58 

•4,4 

3 

3676,  Brt. 

26 

14  14  39 

133.749 

14  14  35 

145.79 

4  ,  5 

2 

388,  Brt. 

26 

14  41  6 

132.801 

14  40  48 

147.86 

4,4 

2 

388,  Brt. 

28 

11  56  34 

83.689 

11  57  48 

267.88  , 

4,4 

3 

388,  Brt. 

28 

12  50  42 

83.077 

12  47  58 

265.59 

4,4 

3 

388,  Brt. 

29 

11  58  49 

67.756 

11  59  35 

163.29 

•4  ,  4 

3 

388,  Brt. 

Winily. 

29 

12  4()  36 

67.291 

12  49  23 

159.55 

4,4 

3 

388,  Brt. 

31 

11  58  37 

70.610 

11  58  44 

135.99 

4,4 

3 

388,  Brf. 

31 

12  38  31 

70.291 

12  38  40 

137.81 

4,4 

3 

388,  Brt. 

Nov.  4 

14  57  5 

265.750 

15  0  23 

209.13 

4,4 

2 

388,  Brt. 

4 

15  39  19 

265.375 

15  42  46 

206.90 

4,4 

2 

388,  Bit. 

6 

10  30  30 

264.148 

10  34  13 

123.59 

4,4 

2 

388,  Brt. 

Clock  ran  badly. 

6 

11  16  46 

264.195 

11  18  35 

125.27 

4,4 

2 

388,  Brt. 

17 

12  33  47 

318.326 

12  36  44 

94.10 

4,4 

3-4 

3676,  Brt. 

17 

13  11  58 

317.366 

13  12  37 

93.65 

4,4 

3-4 

3676,  Brt. 

22 

13  37  20 

249.148 

13  37  9 

244.48 

4  ,  4 

3 

3676,  Brt. 

22 

14  19  47 

248.591 

14  24  8 

240.66 

■4,4 

3 

3676,  Brt. 

24 

10  34  51 

190.198 

10  34  29 

64.67 

4,4 

3 

388,  Brt. 

Windy. 

24 

11  11  53 

190.229 

11  12  13 

63.79 

4,4 

3 

388,  Brt. 

Dec.  3 

10  23  36 

39.800 

10  23  54 

150.49 

4,4 

3 

3676,  Brt. 

3 

11  6  15 

38.162 

11  5  46 

148.80 

4,4 

3 

3676,  Brt. 

4 

11  19  12 

317.709 

11  21  20 

154.43 

4  ,4 

3-4 

3676,  Brt. 

Windy. 

4 

11  52  56 

316.219 

11  55  35 

156.71 

4  ,  4 

3-4 

3676,  Brt. 

8 

9  54  27 

266.938 

9  56  38 

157.64 

4,  4 

3-4 

388,  Brt. 

Windy. 

8 

10  33  32 

266.839 

10  32  7 

159.79 

4  .  4 

3-4 

388,  Brt. 

11 

10  34  38 

154.229 

10  33  9 

134.17 

4,4 

2-3 

3676,  Brt. 

Moonlight. 

11 

11  6  58 

1.52.543 

11  8  18 

135.07 

4,4 

2-3 

3676,  Brt. 

13 

10  26  25 

101.377 

10  28  22* 

119.74 

4  ,  4 

2-3 

388,  Brt. 

Moonlight. 

13 

11   1  25 

101.344 

11  4  0 

118.44 

4,  4 

2-3 

388,  Brt. 

15 

10  25  17 

98.905 

10  28  19 

211.63 

4,4 

2 

3676,  Brt. 

15 

10  56  57 

98.591 

10  58  1 

214.15 

4,  4 

2 

3676,  Brt. 

19 

12  59  50 

316.852 

13  1  57 

73.54 

4,4 

3 

388,  Brt. 
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Date 

W.  M.  T. 

/' 

W.  M.  T. 

s 

Comp. 

Seeinp 

I '(,«■( 

r  and 

Remarks 

Ilkiin. 

Hhea-Tita 

>i      {Continued) 

1913 

h       m        9 

0 

ll         III           8                        " 

Dec.    19 

13  22     0 

316.790 

13  21   20 

72.S0 

4  ,4 

3 

38S, 

Brt. 

27 

11  49  53 

219.528 

11  49  26 

99.07 

4  ,4 

2 

3676, 

Brt. 

Ilaze. 

27 

12  24  28 

218.929 

12  29  31 

99.77 

4,4 

2 

3676, 

Brt. 

30 

8  58     6 

91.770 

9     0  34 

276.68 

4,4 

2 

3676, 

Brt. 

30 

9  37  35 

91.293 

9  40  32 

276.33 

4  ,  4 

2 

3675, 

Bit. 

1914 

Jan.      5 

9     8  48 

304.518 

9     9   IS 

173.05 

4.4 

3-4 

3676, 

Brt. 

5 

9  43  30 

303.385 

9  44     5 

176.23 

4,4 

2-3 

3676, 

Brt. 

8 

10     3  56 

269.654 

10     6   17 

118.21 

4,4 

3 

367, 

Brt. 

8 

10  48  21 

269.821 

10  50  28 

119.66 

4,4 

3 

367, 

Brt. 

Moonlishl.     Haze. 

13 

7  19     1 

.108.259 

7   18  32 

146.35 

4,4 

3 

3676, 

Brt. 

13 

7  58  11 

107.799 

S     1    16 

1-15.38 

■i  ,4 

3 

3676, 

Brt. 

Clouds. 

14 

8  31  20 

108.906 

8  34  28 

93.74 

4,4 

2 

367, 

Brt. 

Haze. 

22 

8     7  50 

312.360 

8     7  31 

121.49 

4,4 

2 

388, 

Brt. 

Brightness  changing  occasion-    | 

27 

8  56  53 

230.270 

8  59  30 

79.12 

4,4 

3 

388, 

Brt. 

Clouds.                  [ally. 

Haze. 

29 

10     3  47 

146.407 

9  59  42 

133.41 

4,4 

3-4 

3676, 

Brt. 

Too  poor  to  continue. 

Fel..      2 

8  36  55 

78.491 

8  40  49 

1 1 1 .22 

4,4 

3 

495, 

Bit. 

Haze. 

9 

9  49  45 

78.969 

9  51   28 

112.49 

4  ,  4 

2 

388, 

Brt. 

Haze. 

3 

9  55  40 

77.303 

9  58  17 

172.95 

4  ,4 

2-3 

3676, 

Brt. 

3 

11     2  25 

76.767 

11     8  33 

175.73 

4  ,4 

2-3 

3676, 

Brt. 

Clouds. 

4 

9     3  48 

58.192 

9     6  56 

179.73 

4  ,4 

2 

3676, 

Brt. 

Moonlight.     Haze. 

4 

9  42  54 

57.321 

9  50  40 

178.20 

3,4 

2 

3076, 

Brt. 

Stoi)]ied  by  clouds. 

7 

10  24  44 

272.068 

10  27  20 

171.73 

4,4 

2-3 

3676, 

Brt. 

17 

9     3  18 

90.300 

9     2  30 

263.82 

4,4 

3 

3676, 

Brt. 

17 

9  44  34 

89.799 

9  46  39 

265.82 

4  ,4 

3 

3676, 

Brt. 

24 

9     8     1 

273.631 

9     9     3 

257.88 

4,4 

3 

388, 

\Brt. 

24 

9  41     9 

273.115 

9  43  45 

258.86 

4,4 

3 

388, 

Brt. 

26 

8  34  51 

233.710 

8  36  33 

119.85 

4,4 

3 

388, 

Brt. 

26 

9     8  50 

233.237 

9     8  22 

118.15 

4,4 

3 

388, 

Brt. 

27 

9  45  45 

228.952 

9  47      1 

69.64 

4,4 

2 

388, 

Brt. 

27 

10     4  50 

229.440 

2,0 

2 

388, 

Brt. 

Sloi)i)ed  by  haze.     R! 

lea  ft. 

Mar.    4 

7  14  .52 

85.011 

7    15  .58 

201.13 

4  ,4 

3 

388, 

Brt. 

THan-Hype) 

ion   (p  and  .s) 

1913 

Oct.      5 

14  50  34 

28.335 

11   51    IS 

143.20 

4  ,4 

2 

3676. 

Red 

5 

15  38  30 

26.872 

15  40    11 

141.67 

4,4 

2 

3676, 

Red 

Nov.     1 

15  27  41 

238.792 

15  27  57 

301.31 

4,4 

2-3 

3676, 

Red 

1 

16  28     4 

237.953 

16  31  51 

298.27 

4,4 

2-3 

3676, 

Red 

2 

11   .59  40 

222.625 

12     3  49 

229.07 

I  ,4 

1 

3676 

Rod 
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Date 

W.  M.  T. 

V 

W.  M.  T. 

s 

Comp. 

Seeing 

Power  and 
lUum. 

Remarks 

Titan-Hyperion  (p  and  s)      {Continued) 

1913 

h       m       8 

0 

h       m        s                 " 

Nov.     2 

12  54  52 

221.694 

12  55  43 

226.33 

4,4 

1 

3676,  Red 

4 

12     5  36 

149.296 

12     6  49 

164.59 

4,4 

2 

3676,  Red 

4 

13     4  34 

147.459 

13     3  38 

166.36 

4,4 

2 

3676,  Red 

5 

11  39  59 

121.266 

11  44  37 

205.45 

4  ,4 

1-2 

3676,  Red 

Hyperion  faint.     Haze. 

5 

12  36  15 

120.465 

12  42     4 

■207.54 

4,5 

1-2 

3676,  Red 

6 

12  29  31 

104.308 

12  33  11 

247.28 

4,4 

2 

3676,  Red 

6 

13  30  50 

103.869 

13  33     5 

249.00 

4,4 

2 

3676,  Red 

20 

10  33     6 

251.135 

10  36     0 

93.49 

4,  4 

3 

388,    Red 

Hyperion  very  faint. 

20 

11   15  42 

251.198 

11   15  38 

•  92.54 

4,  4 

3 

388,    Red 

21 

9  42  44 

250.755 

9  41  31 

71.60 

4,4 

2 

388,    Red 

Apparently  a  little  fog. 

21  ' 

10  11  26 

250.749 

10  12     3 

71.59 

4,  4 

2 

388,    Red 

22 

9  49  17 

255.012 

9  50  52 

63.18 

4,4 

2 

388,     Red 

A  little  fog. 

22 

10  20  57 

254.863 

10  21  42 

62.83 

4,4 

2 

388,     Red 

24 

13  26  51 

261.093 

13  28  17 

84.85 

4,  4 

3 

388,     Red 

24 

14     4     4 

261.268 

14     5  40 

85.29 

4,4 

3 

388,     Red 

Dec.     4 

10  28     5 

87.395 

10  30  16 

203.59 

4,6 

3 

3676,  Red 

Hyperion  verj^  faint.     Windy. 

5 

13  24  41 

75.751 

13  29     5 

212.01 

4,4 

2-3 

3676,  Red 

Hyperion  verj^  faint. 

5 

14  21  36 

75.375 

14  23  37 

210.83 

4,4 

2-3 

3676,  Red 

9 

10  59  14 

334.161 

10  58     3 

150.90 

4,4 

2 

3676,  Red 

Ver.y  faint.     Moonlight 

9 

11  34  13 

333.427 

11  41     1 

151.73 

3,5 

2 

3676,  Red 

9 

13  50  43 

329.798 

13  48  47 

155.72 

4,4 

2 

3676,  Red 

Very  ft.     Moonlight.     Haze. 

9 

14  25  22 

329.109 

14  25  48 

157.13 

4,4 

2 

3676,  Red 

15 

12     3     3 

254.034 

12     2  59 

401.51 

4,4 

2-3 

3676,  Red 

15 

13     5  42 

253.613 

13     9  36 

400.63 

4,4 

2-3 

3676,  Red 

19 

10     0  20 

156.233 

10     8     8 

203.95 

4,4 

2 

3676,  Red 

Hyperion  faint. 

19 

10  46     2 

154.879 

10  45  40 

205.02 

4,4 

2 

3676,  Red 

1914  29 

13  17  32 

294.022 

13  22  15 

335.29 

4,4 

2 

3676,  Red 

Jan.    15 

10  11  11 

339.670 

9  58  17 

106.86 

4,4 

2-3 

3676,  Red 

15 

11     8  27 

3.38.221 

11     9  58 

106.98 

4,4 

2-3 

3676,  Red 

Hyperion  very  faint. 

17 

9  42  34 

289.460 

9  48  17 

175.78 

4,4 

3 

3676,  Red 

Hyperion  verj'  ft.     Windy. 

29 

8  49  45 

250.879 

8  46  53 

104.72 

4,4 

3 

3676,  Red 

Hj'perion     very     faint.     Too 
[poor  to  continue. 

Feb.   21 

8     5  42 

147.881 

8     4     6 

197.31 

4,4 

2 

3676,  Red 

Hyperion  very  faint. 

21 

8  59  24 

146.406 

9     3  40 

199.89 

4,4        2 

3676,  Red 

T itan-J cqwtus  {p  and  s) 

1913 

Oct.    13 

12  42  29 

11.422 

12  39  53 

162.57 

4,4 

3  4 

3S8,     Brt. 

13 

13  29  54 

11.271 

13  31  39 

161.17 

4,4 

3-4 

3S8,     Brt. 

Japetus  faint. 

16 

14  12  36 

38.979 

14  14     6 

108.43 

4,4 

3 

388,    Brt. 

Clouds. 

16 

14  56  25 

39.491 

14  58  28 

109.08 

4,4 

3 

388,     Brt. 

22 

12     9  36 

355.300 

12     7  33 

175.87 

4,4 

2-3 

3676,  Brt. 
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Date 


W.  M.  T. 


W.  M.  T. 


Comp. 


Seeing 


Power  and 
Ilium. 


Remai'ks 


1913 


Titan-Japetus  (p  and  s)     {Continued) 


Oct. 

22 

Nov 

20 

20 

21 

21 

22 

22 

24 

24 

Dec. 

29 

30 

1914 

30 

Jan. 

5 

5 

7 

Feb. 

7 
7 

9 

9 

Feb. 

12 

12 

17 

17 

iVIar. 

4 

7 

7 

13     0  28 

12  17  40 

12  59  32 

12  49  r,n 

13  50  37 

11  35  45 

12  12  58 

11  44     6 

12     9  48 

10     2     9 

7  48  20 

8  24  23 

13  15  55 

13  51  20 

8  22  46 

8  52  27 

8  59  36 

9  45  51 

9  54     7 

10  30  50 

9     1  49 

9  34     1 

7  34  11 

8  21  36 

9  54  24 

8     0     0 

8  54  32 

354.046 
192.437 
192.005 
174.591 
173.902 

160.996 
160.674 
156.684 
157.102 
26.873 

13.605 
13.141 
32.991 
33.194 
31.287 

31.057 
191.371 
190.821 
151.134 
1.50.704 

129.492 
129.567 
160.311 
159.742 
68.376 

77.198 
77.247 


12  59  35 

176.63 

4,4 

2-3 

12  16  54 

224.85 

4,4 

2-3 

13     0  50 

223.05 

4,4 

2-3 

12  50  45 

177.55 

4,4 

2 

13  54  45 

175.76 

4,4 

2 

11  36  54 

145.63 

4,4 

2 

12  15  27 

144.60 

4,4 

2 

11  43  55 

84.14 

4  ,  4 

3 

12  11  32 

83.74 

4,4 

3 

10     2     0 

301.09 

4,  4 

2 

7  48  40 

243.33 

4  ,  4 

2 

8  25  47 

241.64 

4  ,  4 

2 

13  18  45 

98.26 

4.4 

3 

13  53  10 

98.90 

4  ,4 

3 

8  22  18 

132.12 

4  ,4 

2-3 

8  53  26 

132.33 

4,4 

2-3 

8  59  40 

238.28 

4,4 

3 

9  46     6 

236.68 

4,4 

3 

9  54  38 

174.12 

4  ,4 

3 

10  30  19 

173.. 38 

4  ,4 

3 

9     3  57 

96.92 

4,4 

3 

9  34  52 

96.64 

4  ,4 

3 

7  35  18 

105.90 

4,4 

3 

8  24  17 

106.62 

4,4 

3 

9  56  28 

389.41 

4,4 

3 

8     3     1 

411.11 

4,4 

3 

8  54  24 

412.32 

4  ,  4 

3 

3676, 

Brt. 

388, 

Brt. 

388, 

Brt. 

388, 

Brt. 

388, 

Brt. 

3676, 

Brt. 

3676, 

Brt. 

388, 

Brt. 

388, 

Brt. 

3676, 

Brt. 

3676, 

Red 

3676, 

Red 

3676, 

Brt. 

3676, 

Brt. 

3676, 

Brt. 

3676, 

Brt. 

3676, 

Brt. 

3676, 

Brt. 

3676, 

Brt. 

3676, 

Brt. 

388, 

Brt. 

388, 

Brt. 

388, 

Red 

388, 

Red 

388, 

Red 

388, 

Red 

388, 

Red 

Clock  ran  badly. 
Fog.     Moonlight. 

AVindy. 

Haze.     Fog. 


Japetvs  faint  at  last, 
[light.     Haze. 


Moon- 


Moonlight. 


Date 

W.  M.  T. 

Aa 

A5 

Comp. 

Seeing 

Power 
and  Ilium. 

Remarks 

Titan-Hyperion  (by  tran.sits) 

1913  Oct. 

21 

13  33  39 

+  28.460 

+   88.41 

i30  ,  10 

2-3 

3676,  Red 

Hyi)erion  very  faint. 

21 

14   15     0 

+  28.410 

+  89.82 

<30  ,  10 

2-3 

3676,  Red 

Hyperion  very  faint. 

22 

14  25  20 

+22.738 

+ 145.60 

<30  ,  10 

2-3 

3676,  Red 

29 

14   13  25 

-32.207 

-    17.30 

/30  ,    8 

3 

3676,  Red 

Windy. 

Titan-Japetus  (by  transits) 

1913  Oct. 

26 

13  44  33 

-33.328 

+  110.28     /29,10        2        388,    Brt. 

28 

13  49  26 

-43.625 

+   14.47      /30 ,  10       3        388,    Brt. 

Japetus  faint  at  times. 
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Date 


W.M.T. 


AS 


Comp. 


Seeins 


Power  and 
Ilium. 


Remarks 


Titan-Japetus  (bj-  transits)      (Continued) 


1913  Oct.    29 
31 

Nov.     1 


5 

Dec.     5 

8 

11 


13 
18 
19 
15 
28 


1914  Jan. 


Feb.     2 
3 


15 

9  31 

15 

14  44 

13 

11     0 

15 

11  48 

14 

46  58 

11 

40     2 

12 

54  32 

9 

33  45 

13 

6  28 

12 

14  35 

12 

14  28 

8 

9  27 

7 

22  35 

10 

35  47 

8 

40  24 

-45.533 
-42.218 
-38.576 

-33.651 
-26.000 
+40.782 
+  50.489 
+41.340 

+  31.988 
+36.162 
+41.106 
-44.146 
-37.455 

-39.917 

-34.619 


-  38.80 
-118.09 
-137.79 

-145.14 

-  98.42 

-  71.23 
+  86.01 
+  174.47 

+  169.58 
+  86.93 
+  94.31 
+  29.43 

-  86.42 

-245.87 
-269.02 


^30 ,  10 

3 

/.30  ,  10 

3 

mo ,  10 

2 

12,0  ,  10 

1-2 

<30,  10 

2 

tm ,  10 

2-3 

tm ,  10 

3^ 

mo ,  10 

2-3 

<30  ,  10 

2-3 

mo ,  10 

2-3 

<30  ,  10 

2 

;30  ,  10 

3 

<30  ,  10 

2-3 

tlo,    6 

- 

<30  ,  10 

2-3 

388,  Brt. 
388,  Brt. 
3676,  Brt. 

3676,  Brt. 
388,  Brt. 
3676,  Brt. 
3676,  Brt. 
3676,  Red 

388,  Brt. 
388,  ■  Brt. 
3676,  Brt. 
388,  Brt. 
388,    Brt. 

388,    Brt. 

388,    Brt. 


Japelus  very  faint. 
Japetus  faint. 
Moonlight. 

Japeliis   verj-    faint    at   last. 
Japetus  faint.         [Moonlight. 

Clouds. 


The  time  of  Ad  is  10''55'"5P. 

[Stopped  bj'  haze. 
Japetus  ft.  at  times.    Clouds. 


Seeing:    1  =    excellent,  2  =  good,  3  =  fair,  4  =  poor.     Power  and  ilium.:    p 
over  planet,  Brt.  =  bright  field.  Red  =  red  wires. 

Clark  II  micrometer  was  used.     Value  of  one  revolution  =  9".9329  +0".0000  525(<°  - 
(l'"-.280-focal  scale). 
U.  S.  Naval  Observatory,  Washington,  D.  C, 

192S,  Sept.  33.  

TABULAR  ERRORS   OF  THE  MOON'S  LONGITUDE, 

(Communicated  by  the  Astronomer  Royal.) 


prism,   6  =  occulting  bar 
50°  F.)   +0".0255 


Dr.  E.  W.  Brow'n  contributed  a  paper  to  the 
Astrono7nical  Journal,  No.  799,  in  which  he  compared 
the  Greenwich  observations  of  the  Moon  from  1900  to 
1920  with  his  new  tables,  and  also  with  these  corrected 
for  a  term  ST  which  arises  from  an  increase  in  the 
assumed  secular  acceleration,  and  some  other  con- 
sequential changes. 

The  Greenwich  observations  for  this  period  have 
now  been  revised: 

(1)  b}'  apph'ing  nine  periodic  terms,  given  below,  to 
the  tabular  (Hansen-Newcomb)  places. 

(2)  by  incorporating  the  observations  with  the 
altazimuth  in  addition  to  those  with  the  transit-circle, 
from  1901  to  1905;  they  had  already  been  incor- 
porated from  1905  onwards. 

(3)  by  correcting  a  small  sj^stematic  error  that  had 
been  made  in  the  reductions  of  the  observations  of 
Mosting  A  with  the  tran.sit-circle  from  1909  to  1916, 
and  an  error  in  the  altazimuth  reductions  in  azimuth 


60°  which  terminated  in   1914.     (See  Greenwich  Ob- 
servations 1916  p.  A.  58.) 

Periodic  terms  applied  to  tabular  places;  these 
terms  are  discussed  in  Monthly  Notices  of  the  Royal 
Astronomical  Societ}',  November  and  December  1903. 


+  1 


".56  sin  D 

.893 

sin 

(ff  +  2  m  - 

2J) 

.676 

sm 

((7  +  2      +  3  y  - 

5£ 

.548 

sin 

g 

-.246 

sin 

{2D  -g) 

.55 

sm 

g' 

.55 

sin 

ig-D) 

.316 

sin 

(3  +  2  a.  - 

3  J  +  7°) 

+ 


+ 

+  (A(;  +  4". 06  sin  Q,)  2  e  cos  g 

Some  of  these  cocfRcients  might  be  improved.  Thus 
the  —".893  term  should  be  altered  to  — 1".137,  and 
the  coefficient  of  T^  in  the  formula  for  A  g  should  be 
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altered  from  4".74  to  +0".83  to  reduce  to  Brown's 
theoretical  value.  Dr.  Cowell's  values  have,  how- 
ever, been  retained,  in  order  to  make  the  present  re- 
ductions continuous  with  his,  which  extended  to  1901 
June  18. 

O 


The  following  table  gives  the  old  and  new  values  of 
0  and  Th-0;  the  latter  is  the  quantity  that  added  to 
57'  gives  the  total  correction  required  by  Brown's 
tabular  longitude. 

Th  — O 


Date 

Old 

New 

New  (restricted) 

Old 

New 

New  (re.stricted) 

1901.5 

-   2.77 

-   2.39 

-    1.96 

-1.80 

-2.18 

-2.61 

2.5 

3.15 

3.44 

2.14 

-1.31 

-1.02 

-2.32 

3.5 

3.08 

3.13 

2.70 

-1.46 

-1.41 

-1.84 

4.5 

3.16 

4.16 

3.23 

-2.06 

-1.06 

-1.99 

5.5 

5.29 

5.43 

5.70 

-0.29 

-0.15 

+  0.12 

6.5 

5.91 

5.58 

6.13 

+  0.63 

+  0.30 

+  0.85 

7.5 

5.96 

5.55 

5.28 

+0.95 

+  0.54 

+  0.27 

8.5 

5.97 

6.08 

6.37 

+  0.59 

+  0.70 

+0.99 

9.5 

6.41 

.6.47 

6.69 

+0.46 

+  0.52 

+  0.74 

1910.5 

7.85 

7.85 

7.69 

+  1.57 

+  1.57 

+  1.41 

11.5 

8.34 

8.38 

8.57 

+  1.64 

+  1.68 

+  1.87 

12.5 

9.79 

9.84 

9.84 

+  2.01 

+  2.06 

+  2.06 

13.5 

11.93 

11.73 

11.74 

+3.15 

+  2.95 

+  2.96 

14.5 

12.86 

12.49 

12.42 

+  3.87 

+  3.50 

+3.43 

1915.5 

12.58 

12.57 

12.30 

+  3.63 

+  3.62 

+  3.35 

16.5 

14.05 

13.53 

13.40 

+  4.72 

+4.20 

+4.07 

17.5 

14.03 

13.85 

14.03 

+4.59 

+  4.41 

+4.59 

18.5 

14.05* 

13.06    ^ 

13.10 

+4.92* 

+  3.93 

+3.97 

19.5 

12.26 

12.44 

12.64 

+  3.35 

+  3.53 

+  3.73 

1920.5 

-13.11 

12.84 

12.97 

+4.10 

+  3.83 

+  3.96 

21.5 

-12.94 

-12.61 

+4.46 

+  4.02 

+3.69 

*  These  are  the  values  as  previously  printed,  but  they  should  have  been  — 13".05,  +3".92  respectively. 

The  column  headed  "restricted"  is  limited  to  the  days  for  which  D,  the  Moon's  mean  elongation  from  the  Sun,  lies  between  120° 
and  240°.  

ORBIT   OF  THE  PONS-WINNECKE   COMET, 

By   frank    E.   SEAGRAVE. 

The  following  orbit  elements  of  the  Pons-Winnecke 
comet  were  computed  from  three  observations  by 
Wood  and  Worssell  at  Johannesburg,  July  4.55607, 
Aug.  3.51653,  and  Sept.  4.38353,  G.  M.  T.",  1921,— 
after  perihelion.  These  observations  are  taken  from 
Union  Observatory  Circular  No.  54.  For  the  sake  of 
comparison,  the  writer's  elements,  based  upon  observa- 
tions by  Barnard  at  the  same  apparition,  but  before 
perihelion,  are  repeated  from  A.  J.  790.  The  perihelion 
distance  is  increasing  all  the  time.  In  1892  it  was 
q  =  0.8865,  in  1898  q  =  0.9241,  and  in  1921  q  =  1.0409, 
well  outside  the  Earth's  orbit.  Times  are  G.  M.  T., 
1921. 


Elements 

Before  Perihelion 

After  Perihelion 

E 

May  31.75350 

Aug.  3.53011 

M 

357°  59'  48".71 

8°  25'    0".13 

w 

170   17   18   .07 

170   15  56  .16 

TT 

268   23  46  .87 

268   24   14   .95 

Si 

98     6  28  .80 

98     8  18  .79 

i 

18  54  36  .84 

18  56  32  .61 

loge 

9.835212 

9.836481 

log  a 

0.518022 

0.520822 

log  q 

0.017372 

0.017409 

M 

592".888 

587".  184 

P 

2185.909  d. 

2207.147  d. 

CONTENTS. 
Observations  of  Jupiter's  Satellites  VI,  VII  and  VIII  and  of  Phoebe,  by  G.  Van  Biesbroeck. 

OnSERVATlONS    OF   THE   SATELLITES   OF   Satum,    1913-14,    BY    AsAI'H    HaLL. 

Tabular  Errors  of  the  Moon's  Longitude,  Communicated  by  the  Astronomer  Royal. 

Orhit  of  the  Pot(^-]Viiiricckc  Comet,  by  Frank  E.  Seagrave. _^____^^ 
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DECLINATIONS   OF  526   STARS, 

By   SAMUEL   G.    BARTON. 


The  followin*!;  (let'liiiation.s  were  determined  with  the 
Wharton  reflex  zenith  tube  of  the  Flower  Observatory 
which  is  described  in  the  Publications  of  the  Observa- 
tory, Vol.  Ill,  Part  1.  The  instrument  was  used  in  the 
usual  manner  assuming  the  latitude  known.  The  cor- 
rections for  the  variation  of  latitude  found  in  A.  N. 
4802,  4858  and  4908  were  applied.  All  of  the  stars  have 
declinations  between  39°  and  41°  and  are  found  in  the 
A.  G.  Catalogues  Bonn  or  Lund,  frequently  both.  The 
observations  were  made  in  the  years  1913-6. 

The  column.s  give  respectively  the  .4.  C.   numbers. 


the  A.  (1.  magnitude,  R.  A.  to  nearest  second,  the 
observed  R.  A.  reduced  to  1875  with  the  A.  G.  constants 
disregarding  proper-motion,  the  difference  observed 
minus  A.  G.  using  the  mean  of  the  A.  G.  declinations 
for  stars  in  both  catalogues,  the  epoch  of  observation, 
the  resulting  computed  proper-motion,  and  the  num- 
TJeF  of  observations.  When  the  star  is  contained  in 
Boss  P.  G.  C.  or  Cincinnati  Observatory  Publicntions 
No.  18  or  the  list  of  Prof.  C.  L.  Doolittle,  Publica- 
tions of  the  Floiver  Observatory,  Vol.  Ill,  Part  1,  the 
fact  is  noted. 


Lund 

fch 

R.  A. 
187.5.0 

h  m   s 

3 

8.7 

0  0  33 

11 

8.8 

1  18 

17 

7.2 

2  22 

30 

8.9 

4  23 

33 

8.7 

5  1 

36 

7.8 

5  2 

58 

8.2 

7  27 

126 

9.1 

16  55 

150 

8.4 

20  8 

160 

8.8 

21  40 

179 

9.1 

23  46 

215 

8.5 

28  51 

218 

8.8 

29  7 

234 

7.5 

30  42 

241 

8.7 

31  53 

245 

8.8 

32  3 

280 

8.6 

36  11 

285 

7.9 

37  16 

294 

8.5 

39  3 

298 

8.8 

39  21 

315 

8.9 

42  38 

340 

6.9 

45  59 

365 

8.2 

48  31 

375 

8.7 

50  9 

Dec. 
1875.0 


39 


38  21.04 
53  44.49 

47  55.82 
52  55.11 

51  30.73 

42  12.46 

43  29.45 

44  10.36 
49  34.56 

48  41.11 
40  40.31 

45  41.00 
42  28.68 
38  38.49 
44  59.32 
44  37.28 
42  59.94 
44  57.34 
34  3.62 
44  29.45 
37  2.99 
33  52.03 
42  16.39 

52  19.11 


-1-0.94 
-0.31 
-0.68 
-0.99 
-1-0.63 
-0.44 
-0.55 
-0.98 
-0.96 
-hO.lO 
-0.39 
-0.40 
-0.02 
-0.21 
-0.78 
-0.92 
-1.36 
-1.26 
-0.78 
-0.95 
-0.91 
-1-2.13 
-1.01 
-1..39 


Ep. 


-h.027 
-.010 
-.020 
-.029 
-(-.018 
-.012 
-.016 
-.028 
-.027 
-I-.003 
-.010 
-.011 
-.001 
-.006 
-.022 
-.026 
-.039 
-.036 
-.020 
-.027 
-.025 
-I-.06] 
-.029 
-.039 


Bonn 

Lund 

M 

R.  A. 
1875.0 

Dec, 
1875.0 

Diff. 

Ep. 

f' 

n 

381 

9.0 

h   m   s 

1  51  5 

39  50  43.39 

-1.61 

15.8 

-.045 

2 

387 

9.2 

51  45 

43  49.82 

-hO.22 

14.8 

-F.006 

3 

422 

8.8 

.54  50 

51  1.83 

-0.77 

15.2 

-.022 

2 

435 

8.9 

56  19 

49  42.68 

-1.02 

15.4 

-.038 

3 

936 

468 

8.5 

1  9 

59  28.99 

-3.71 

15.4 

-.112 

5 

478 

8.5 

2  7 

44  21.04 

-0.66 

15.5 

-.019 

4 

487 

8.6 

2  51 

47  41.18 

-1.22 

15.8 

-.035 

4 

1055 

53 1 

8.3 

9  6 

59  16.98 

-  0.57 

15.1 

-.016 

8 

540 

9.1 

9  33 

48  29.52 

-1.78 

14.8 

-.052 

2 

1159 

577 

7.6 

16  0 

57  20.68 

-0.22 

15.3 

-.006 

5 

602 

8.3 

18  1 

39  41.67 

-fO.27 

15.5 

-I-.008 

4 

611 

8.6 

18  50 

41  37.35 

-1.15 

15.6 

-.033 

6 

615 

8.7 

19  26 

53  49.15 

-1.15 

15.5 

-.033 

4 

621 

6.1 

20  32 

41  10.84 

-0.76 

15.2 

-.022 

7 

642 

8.8 

23  36 

40  41.80 

-0.30 

15.2 

-.009 

4 

699 

9.1 

30  1 

56  53.42 

-F0.72 

14.8 

-H.021 

3 

710 

8.0 

31  19 

38  42.47 

-0.83 

15.2 

-.024 

6 

1418 

736 

5.5 

33  13 

56  34.36 

-0.29 

15.8 

-.010 

4 

7.52 

6.8 

35  15 

44  42.88 

-0.62 

15.3 

-.018 

5 

798 

8.7 

41  42 

40  21.94 

-1.36 

15.9 

-.039 

3 

802 

8.6 

42  41 

50  35.42 

-0.38 

15.8 

-.011 

3 

809 

8.6 

43  21 

46  38.11 

-0.79 

15.0 

-.023 

4 

848 

8.2 

47  10 

40  13.92 

-0.88 

15.4 

-.025 

6 

861 

8.9 

47  57 

49  51.. 54 

-0.56 

15.2 

-.019 

5 

(17,5). 
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ISoitn 

Lund 

R.  A. 
1875.0 

Dec. 
1875.0 

Diff. 

Ep. 

f' 

n 

Bonn 

Lund 

^ 
§ 

R.  A. 
1875.0 

Dec. 

1875.0 

Diff. 

Ep. 

f' 

n 

1683 

900 

8.6 

h  m  s 

1  50  52 

39  55  40.38 

+  0.58 

15.5 

+  .016 

4 

2031 

8.8 

h  m  s 

3  51  10 

39  39  21.76 

-1.64 

14.4 

-.055 

2 

1699 

916 

8.0 

52  6 

57  20.86 

+0.21 

15.6 

+  .006 

5 

2040 

7.4 

51  47 

39  18.32 

-0.78 

15.1 

-  .025 

5 

949 

8.5 

56  10 

54  5.85 

-0.55 

15.3 

-.019 

S 

3311 

2047 

8.5 

52  5 

5041.15 

-0.60 

15.9 

-.018 

3 

980 

8.6 

58  59 

40  0  0.82 

+0.32 

15.5 

+  .009 

7 

2054 

7.0 

52  52 

44  25.10 

-2.50 

15.9 

-.070 

3 

998 

8.6 

1  4 

39  53  50.89 

-0.61 

14.8 

-.022 

5 

2062 

7.3 

53  23 

38  5.02 

-1.08 

15.4 

-.031 

4 

1015 

8.6 

2  15 

41  39.48 

+  1.38 

15.8 

+  .039 

5 

3374 

2098 

7.6 

57  2 

57  26.32 

-0.58 

14.9 

-.016 

8 

1043 

7.9 

5  2 

40  4.28 

-0.42 

15.1 

-.012 

) 

2127 

7.5 

4  0  44 

49  45.18 

-3.52 

14.8 

-.141 

9 

1052 

7.2 

5  33 

55  18.25 

-3.25 

15.6 

-.091 

I 

3450 

2147 

8.4 

3  13 

56  14.97 

-1.23 

15.0 

-.041 

6 

nil 

7.8 

2  10  55 

41  59.74 

-0.36 

15.4 

-.012 

5 

3468 

2158 

8.0 

4  36 

40  2  6.94 

-0..36 

15.8 

-.010 

3 

1122 

8.4 

12  56 

53  24.37 

-0.43 

15.7 

-.012 

3 

2160 

8.7 

5  4 

39  45  36.31 

-0.59 

16.0 

-.019 

3 

1183 

8.8 

19  10 

40  55.19 

-0.81 

15.2 

-.023 

5 

2178 

8.8 

7  3 

51  31.53 

-4.17 

15.9 

-.153 

3 

1215 

7.4 

22  53 

36  36.98 

-0.82 

15.4 

-.024 

7 

2182 

7.8 

8  11 

42  42.54 

-0.86 

15.0 

-  .033 

4 

1232 

7.3 

24  34 

43  4.35 

-0.45 

15.2 

-.015 

5 

3521 

2189 

8.9 

9  18 

56  32.47 

+0.27 

14.9 

+  .008 

4 

1248 

8.4 

26  30 

44  30.38 

-0.12 

15.4 

-.003 

5 

2218 

7.0 

13  31 

38  10.70 

-4.20 

15.4 

-.145 

9 

1252 

S.7 

27  35 

43  50.99 

-2.31 

15.9 

-  .065 

3 

3620 

2244 

8.3 

18  30 

40  0  46.14 

-2.31 

15.9 

-.070 

5 

1265 

7.1 

28  28 

39  25.98 

-0.22 

15.0 

-.006 

5 

2264 

8.0 

22  13 

39  52  14.17 

-0.23 

14.4 

-.009 

8 

1296 

S.5 

30  38 

55  48.35 

-0.35 

15.3 

-.010 

4 

2270 

6.9 

22  52 

44  9.65 

-1.05 

15.2 

-.034 

7 

1323 

8.3 

32  47 

34  38.86 

-0.64 

15.7 

-.018 

2 

2274 

8.3 

23  15 

39  10.00 

-1.60 

15.4 

-.045 

5 

1339 

5.5 

34  22 

39  42.20 

-4.80 

15.6 

-.183 

6 

2287 

8.7 

25  33 

49  51.32 

-1.08 

16.0 

-.038 

3 

1344 

8.5 

34  35 

43  12.84 

-0.46 

15.9 

-.016 

3 

3737 

2305 

8.3 

29  3 

40  2  30.08 

-2.32 

15.2 

-.069 

6 

1346 

7.6 

34  36 

43  32.76 

-1.04 

15.1 

-.030 

4 

3791 

2336 

8.'} 

35  8 

39  58  56.74 

+  0.09 

14.9 

+  .002 

7 

2406 

1420 

8.8 

41  11 

59  44.05 

-0.60 

15.5 

-.016 

3 

3831 

2357 

6.5 

38  7 

40  4  56.90 

-0.70 

15.0 

-.022 

5 

2411 

1422 

7.8 

41  19 

57  25.48 

-0.37 

15.8 

-.010 

4 

3843 

2363 

8.6 

39  6 

0  15.03 

-0.37 

15.4 

-.011 

5 

1450 

8.2 

43  50 

37  9.93 

-0.17 

15.2 

-.005 

6 

2399 

8.0 

45  19 

39  47  44.21 

-0.49 

15.1 

-.014 

10 

1506 

8.4 

49  2 

44  44.03 

-0.27 

15.0 

-.008 

6 

2410 

8.3 

46  30 

41  53.86 

-1.24 

15.6 

-.035 

4 

1523 

8.9 

51  20 

47  16.29 

-1.71 

15.6 

-.059 

4 

3972 

2417 

8.1 

47  53 

57  58.72 

+0.17 

15.7 

+  .005 

5 

2549 

1543 

7.4 

52  53 

55  9.12 

+  0.57 

14.9 

+  .016 

8 

3989 

2431 

7.1 

49  34 

51  40.45 

-3.55 

15.0 

-.107 

7 

1548 

8.7 

53  21 

45  54.51 

-0.59 

15.9 

-.016 

2 

3998 

2435 

8.6 

50  8 

40  31  3.33 

+0.98 

15.1 

+  .037 

6 

1551 

8.0 

53  34 

51  59.81 

-0.09 

16.0 

-.002 

2 

4002 

2437 

8.3 

50  21 

39  52  58.73 

-0.52 

15.4 

-.015 

4 

1572 

6.9 

56  24 

48  6.89 

-0.81 

15.8 

-.022 

4 

4028 

2452 

7.2 

52  2 

40  2  29.76 

+  0.56 

16.0 

+  .017 

2 

1587 

8.5 

57  52 

45  10.64 

-0.36 

15.5 

-.010 

3 

4076 

2478 

8.0 

54  48 

39  53  38.47 

-0.83 

14.8 

-.025 

7 

1595 

8.0 

59  15 

43  2.98 

-0.62 

16.0 

-.017 

3 

2486 

8.4 

55  59 

47  25.13 

-0.47 

15.8 

-.013 

5 

1601 

8.0 

59  34 

36  4.71 

-0.79 

16.0 

-.022 

3 

4122 

2500 

8.0 

57  47 

51  50.24 

-0.76 

15.5 

-.022 

4 

1658 

8.4 

3  5  23 

40  55.61 

-0.89 

15.9 

-.025 

6 

2515 

8.2 

59  12 

46  29.12 

-0.28 

15.9 

-.008 

3 

1668 

8.4 

5  57 

43  53.69 

-1.11 

15.8 

-.031 

2 

4167 

2541 

8.4 

5  1  19 

59  21.62 

-0.38 

15.8 

-.011 

6 

1669 

7.0 

6  1 

38  57.48 

-1.02 

15.6 

-.029 

5 

2564 

8.7 

3  14 

47  15.09 

-0.41 

15.3 

-.012 

3 

1709 

9.0 

11  0 

42  49.76 

-0.64 

14.5 

-.023 

2 

4205 

2566 

8.6 

3  20 

40  0  19.07 

-3.23 

14.9 

-.100 

3 

1740 

8.3 

14  57 

43  3.11 

+  0.01 

15.9 

.000 

4 

4211 

2568 

6.6 

3  34 

39  56  41.59 

+  0.29 

14.4 

+  .008 

5 

1750 

7.2 

16  16 

35  51.36 

-0.84 

15.1 

-.024 

6 

4233 

2574 

7.6 

•  4  32 

40  2  22.85 

-0.35 

15.3 

-  .009 

3 

1753 

7.2 

16  46 

46  38.47 

+  1.47 

15.4 

+  .042 

6 

4270 

2596 

8.4 

6  29 

39  59  3.47 

+  0.47 

15.8 

+  .013 

3 

1754 

8.6 

16  54 

42  22.79 

-0.51 

15.9 

-.014 

2 

4336 

2637 

4.9 

10  21 

58  40.98 

-  19.52 

15.2 

-.660 

7 

1785 

6.8 

20  17 

44  4.01 

-1.09 

15.3 

-.031 

8 

4405 

2689 

8.7 

14  45 

40  1  48.62 

-1.23 

15.9 

-  .032 

3 

1793 

7.3 

20  44 

45  1.22 

-0.08 

15.5 

-.002 

5 

4458 

2728 

9.0 

18  56 

39  55  59.40 

-1.50 

15.1 

-.046 

6 

3011 

1850 

7.5 

26  20 

52  58.85 

+  0.20 

15.6 

+  .006 

() 

2768 

8.0 

21  57 

43  36.21 

-1.29 

14.9 

-.037 

4 

3020 

1859 

8.5 

27  9 

56  29.34 

-0.26 

15.9 

-.008 

3 

2769 

0.3 

22  3 

43  30.21 

-1.89 

15.3 

-.054 

3 

1874 

7.0 

29  7 

40  27.12 

+  0.02 

14.7 

+  .001 

(j 

4498 

2771 

7.8 

22  20 

55  50.22 

-0.33 

15.5 

-.009 

5 

1934 

7.2 

36  45 

40  56.84 

-1.16 

14.8 

-.033 

10 

2806 

8.7 

26  26 

45  52.00 

-2.60 

15.4 

-.074 

4 

3182 

,  1953 

9.2 

40  10 

50  28.33 

-0.47 

15.3 

-.014 

4 

4582 

2817 

8.4 

27  28 

40  5  8.18 

-2.52 

15.6 

-.063 

5 

3222 

1973 

8.4 

43  42 

52  46.95 

-0.70 

15.1 

-.024 

5 

4619 

2846 

8.6 

29  56 

39  51  45.18 

-1.92 

15.0 

-.056 

5 

3225 

1978 

7.6 

44  11 

59  15.56 

+  0.81 

15.5 

+  .022 

5 

2859 

8.0 

31  18 

48  35.31 

-0.69 

15.3 

-.019 

7 

N-  813 

THE 

A  S  T  R  0  N  0  iM  I  C  A  L  JO  U 

R  N  A  L 

17 

7 

Bonn 

Lund 

R.  A. 
1875.0 

Dec. 
1875.0 

Diff. 

Ep. 

,«' 

n 
2 

Bonn 

Lund 

R.  A. 

1875.0 

Dec. 
1875.0 

Diff. 

Ep. 

!^' 

n 

4636 

2862 

8.8 

h  m   s 

5  31  28 

39 

52  22.42 

+  0.17 

15.9 

+  .005 

6405 

8.1 

h  m   s 

7  59  15 

40  11  56.52 

+  0.02 

15.5 

+  .000 

4 

2865 

7.8 

31  50 

45  48.24 

-1.96 

15.0 

-.055 

4 

6451 

4144 

7.4 

8  4  33 

39  50  38.84 

-0.16 

15.4 

-.004 

6 

4678 

2889 

8.4 

34  34 

54  31.57 

-0.28 

15.0 

-.009 

6 

6509 

8.1 

10  26 

40 

6  47.23 

-4.37 

15.2 

-.123 

5 

4737 

2936 

8.5 

40  4 

51  52.07 

+  1.27 

15.1 

+  .035 

7 

6515 

4186 

7.4 

11  10 

39  59  0.10 

-1.10 

15.3 

-.003 

4 

4741 

2939 

8.2 

40  13 

40 

7  9.01 

-0.84 

15.9 

-.021 

4 

6520 

7.0 

11  35 

40  16  24.74 

-0.26 

15.0 

-.007 

2 

4759 

2953 

8.0 

41  30 

3  39.05 

+0.20 

16.0 

+  .005 

3 

6537 

4205 

8.4 

13  14 

40 

4  39.29 

-0.06 

15.0 

-.002 

4 

4854 

3017 

8.2 

48  46 

39  56  54.60 

-0.95 

15.8 

-.026 

8 

6558 

4214 

8.6 

15  19 

39  59  57.32 

-0.98 

15.4 

-.027 

3 

4877 

3034 

7.1 

50  32 

40 

1  5.79 

-0.26 

15.2 

-.007 

0 

6593 

7.4 

18  29 

40  17  53.93 

+0.83 

14.6 

+  .021 

4 

4903 

3042 

7.2 

51  37 

39 

5154.88 

-0.57 

15.2 

-.016 

5 

6606 

8.7 

19  28 

15  50.27 

+0.67 

16.0 

+  .015 

2 

4965 

3071 

8.7 

55  42 

58  8.72 

-1.18 

15.1 

-.033 

5 

6679 

7.2 

28  26 

12  2.65 

-0.65 

15.9 

-.016 

8 

3106 

8.4 

58  46 

49  19.79 

-1.41 

15.5 

-.040 

4 

■6696 

4299 

7.4 

29  43 

4  39.98 

-1.27 

15.1 

-.033 

5 

5110 

3178 

7.4 

6  6  33 

58  44.46 

-0.24 

14.8 

-.007 

8 

6755 

8.2 

36  15 

18  40.04 

+  0.54 

15.9 

+  .014 

3 

5139 

3200 

7.2 

8,53 

53  55.16 

-0.64 

16.0 

-.018 

4 

6789 

4366 

7.8 

39  52 

3  14.79 

-0.66 

14.9 

-.018 

6 

5146 

3205 

8.6 

9  11 

57  0.12 

-0.63 

16.0 

-.020 

4 

6802 

4373 

8.4 

41  51 

3  3.68 

-0.47 

14.6 

-.012 

6 

5166 

3228 

S.3 

10  53 

51  57.10 

-2.95 

14.5 

-.086 

4 

6889 

6.6 

53  37 

12  8.58 

-3.02 

15.1 

-.078 

9 

5244 

3286 

7.8 

17  25 

59  43.15 

-1.45 

14.7 

-.037 

8 
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7.9 

11  0 

39  53  42.59 

-0.81 

15.6 

-.024 

4 

12841 

8313 

6.6 

14  47 

40  7  51.49 

-0.81 

15.0 

-.023 

5 

12860 

8325 

7.4 

15  27 

40  2  9.77 

-0.93 

15.4 

-.025 

5 

8335 

7.2 

16  14 

39  41  34.43 

-1.47 

1.54 

-.044 

4 

12940 

8396 

8.2 

20  18 

40  4  44.97 

-2.63 

15.5 

-.066 

3 

12979 

8417 

8.4 

22  19 

39  53  7.12 

+  0.22 

15.5 

+  .007 

4 

8421 

6.9 

22  30 

42  36.84 

-1.06 

15.6 

-.031 

3 

8451 

6.4 

24  24 

41  3.83 

-1.47 

15.4 

-.043 

5 

13059 

8478 

8.4 

26  8 

52  55.59 

-0.81 

15.6 

-.025 

3 

8486 

8.5 

26  37 

45  41.98 

-0.82 

15.6 

-.023 

3 

8537 

8.4 

30  52 

45  .0.65 

-1.25 

15.5 

-.036 

2 

8543 

7.4 

31  21 

45  8.02 

-0.78 

15.2 

-.023 

5 

13201 

8569 

8.2 

32  53 

56  3.49 

-1.86 

15.0 

-.053 

4 

8630 

6.8 

37  22 

43  45.17 

+0.07 

15.4 

+  .002 

6 

13287 

8638 

6.2 

37  41 

57  34.83 

+  1.03 

15.5 

+  .028 

4 

8646 

7.8 

38  16 

43  51.83 

-0.37 

15.6 

-.011 

3 

8647 

8.0 

38  19 

42  12.74 

-1.46 

15.6 

-.042 

4 

8659 

7.2 

38  47 

42  0.11 

+  0.51 

15.6 

+  .015 

3 

8698 

8.9 

41  31 

47  26.09 

+0.49 

15.5 

+  .014 

4 

13419 

8736 

8.5 

44  17 

56  54.01 

-1.24 

15.4 

-.037 

5 

8786 

8.7 

47  23 

44  5.02 

-0.48 

15.5 

-.022 

4 

8842 

6.8 

51  20 

50  31.15 

-0.05 

15.3 

-.002 

7 

13554 

8846 

7.7 

51  25 

40  3  38.49 

-0.21 

15.0 

-.006 

4 

13578 

8873 

5.7 

52  53 

1  58.42 

+0.82 

15.5 

+  .023 

4 

13661 

8942 

8.9 

57  0 

0  31.91 

-0.64 

15.5 

-.019 

4 

13664 

8943 

7.6 

57  6 

39  57  9.65 

-1.00 

15.3 

-.026 

6 

13678 

8951 

8.5 

57  36 

56  15.24 

-0.11 

15.7 

-.003 

5 

8964 

7.4 

58  39 

49  23.36 

-0.84 

15.1 

-.024 

6 

13704 

8973 

8.1 

59  2 

55  43.38 

+0.13 

15.7 

+  .003 

4 

8999 

8.7 

20  0  52 

50  41.21 

-1.19 

15.1 

-.035 

4 

9015 

8.1 

1  36 

42  25.52 

-0.38 

15.4 

-.011 

5 

9025 

9.0 

2  15 

52  30.45 

-0.85 

15.7 

-.024 

3 

13797 

9057 

8.4 

3  51 

40  0  17.29 

-0.51 

15.6 

-.013 

3 

9070 

8.3 

4  34 

39  49  57.29 

-1.11 

15.6 

-.032 

4 

13858 

9099 

8.6 

6  29 

54  40.68 

-0.87 

15.6 

-.026 

3 

13879 

9113 

6.9 

7  22 

57  25.26 

+0.26 

15.3 

+  .008 

5 

9121 

7.3 

8  7 

53  36.15 

-0.05 

15.3 

-.001 

5 

Bonn 

Lund 

i 
s 

R.  A. 
1875.0 

Dec. 
1875.0 

Diff. 

Ep. 

/'' 

n 

13931 

9162 

7.4 

h  m   s 

20  10  0 

39  56  58.66 

+0.01 

15.4 

+  .000 

4 

13934 

9165 

8.8 

10  7 

40  0  40.78 

-1.37 

15.7 

-.041 

2 

9173 

8.4 

10  46 

39  42  52.62 

+2.02 

15.5 

+  .058 

3 

13995 

9206 

5.4 

12  29 

58  44.79 

-0.01 

15.6 

.000 

4 

9234 

8.5 

13  45 

43  59.25 

-0.45 

15.5 

-.013 

3 

14031 

9239 

8.4 

13  56 

59  54.26 

-0.89 

15.6 

-.028 

3 

9245 

7.4 

14  12 

50  12.08 

-0.72 

15.5 

-.021 

5 

14104 

9298 

8.2 

17  8 

40  2  57.58 

-0.37 

15.3 

-.010 

5 

14114 

9310 

8.4 

17  39 

40  3  13.95 

+  1.15 

15.3 

+  .033 

3 

9311 

2.4 

17  45 

39  51  26.73 

-0.17 

15.4 

-.004 

5 

14163 

9348 

8.6 

19  34 

56  9.05 

-0.10 

15.7 

-.003 

4 

9358 

6.6 

20  18 

44  52.52 

-0.38 

15.5 

-.011 

6 

9363 

8.2 

20  59 

41  26.19 

-0.31 

15.7 

-.009 

3 

14201 

9378 

6.6 

21  34 

59  34.54 

-0.06 

15.7 

-.002 

4 

14215 

9392 

7.8 

22  13 

56  12.65 

+0.05 

15.9 

+  .001 

3 

9396 

8.4 

22  37 

38  25.19 

-2.61 

15.5 

-.075 

3 

9428 

8.3 

24  51 

40  55.48 

-1.12 

15.3 

-.033 

4 

14311 

9451 

7.3 

20  26 

40  5  14.46 

+0.11 

15.6 

+  .003 

3 

14326 

9457 

7.2 

26  31 

40  0  20.12 

-0.13 

15.6 

-.003 

3 

9488 

8.5 

28  35 

39  52  10.61 

-0.29 

15.7 

-.009 

4 

14451 

9532 

8.2 

32  2 

40  2  42.84 

-0.26 

15.3 

-.007 

5 

14492 

9562 

9.2 

34  1 

39  59  11.25 

+  0.55 

15.7 

+  .014 

2 

9578 

8.8 

35  44 

36  20.28 

+0.38 

15.1 

+  .013 

3 

9589 

8.4 

36  25 

52  22.19 

-1.51 

15.0 

-.044 

5 

9610 

9.2 

37  25 

47  54.88 

+0.48 

15.7 

+  .013 

3 

14596 

9628 

8.0 

39  1 

56  37.23 

+  1.53 

15.3 

+  .044 

6 

14603 

9632 

8.6 

39  15 

40  1  39.77 

-2.13 

15.6 

-.054 

3 

14623 

9644 

8.7 

40  21 

39  57  28.82 

-0.03 

15.2 

-.001 

4 

9670 

8.8 

43  23 

52  19.05 

+0.25 

15.6 

+  .007 

5 

9695 

7.7 

45  17 

34  41.47 

+0.27 

15.5 

+  .008 

5 

9732 

8.8 

48  33 

51  23.00 

-2.20 

15.5 

-.062 

4 

9751 

7.1 

50  41 

49  22.76 

-0.54 

15.1 

-.020 

7 

9787 

8.1 

53  1 

38  4.5 

0.00 

15.4 

.000 

5 

9789 

8.2 

53  13 

47  24.77 

-0.63 

15.4 

-.023 

4 

14921 

9800 

8.2 

54  4 

40  1  14.93 

+0.83 

15.7 

+  .023 

4 

9807 

8.3 

54  27 

39  34  27.67 

-0.53 

15.9 

-.015 

4 

9812 

6.9 

55  9 

46  1 .20 

+  5.30 

15.3 

+  .218 

5 

9817 

8.2 

55  44 

50  38.56 

+0.10 

15.1 

+  .005 

5 

9833 

8.5 

56  53 

48  0.05 

-0.05 

15.3 

-.002 

3 

9837 

7.8 

57  10 

49  10.81 

-0.09 

15.7 

-.003 

5 

9849 

8.7 

58  25 

54  8.33 

+0.03 

15.4 

+  .001 

4 

9853 

8.1 

58  32 

45  7.19 

-0.31 

15.2 

-.009 

6 

9876 

8.6 

21  0  15 

50  50.29 

+0.39 

15.7 

+  .013 

4 

9901 

7.9 

2  4 

49  4.35 

-0.15 

15.1 

-.005 

7 

15103 

9918 

9.1 

3  22 

56  22.64 

-0.61 

15.7 

-.017 

2 

9934 

8.0 

4  45 

39  12.02 

-1.18 

15.3 

-.033 

6 

9941 

8.9 

5  3 

42  21. .34 

-0.66 

15.7 

-.019 

3 

15167 

9962 

8.6 

6  24 

54  55.40 

+  0.55 

16.0 

+  .015 

3 

9974 

7.5 

7  23 

38  16.56 

-1.04 

15.3 

-.033 

5 

15212 

9993 

8.8 

8  31 

56  33.24 

-1.06 

15.3 

-.034 

4 

180 

THF 
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Bonn 

Lund 

R.  A. 
1875.0 

Dec. 
1875.0 

DifT.  1  Fp. 

/'' 

n 

Bo?in 

Lunil 

a 

R.  A. 

1875.0 

Dec. 
1875.0 

Diff. 

Ep. 

li' 

n 

9999 

8.9 

h  m   8 

21  9  6 

39  39  18.80 

-0.50 

15.5 

-.014 

5 

10875 

8.4 

h  m   8 

22  40  30 

39  40  1.53 

-1.17 

15.7 

-.033 

5 

10026 

9.0 

12  8 

48  35.77 

+  0.07 

15.6 

+  .002 

3 

10903 

9.0 

43  48 

50  55.11 

-0.69 

15.5 

-.026 

4 

10040 

8.6 

13  16 

54  53.89 

-0.26 

15.5 

-.007 

4 

1092S 

7.8 

46  39 

30  7.80 

-0.40 

15.2 

-.011 

6 

10042 

8.9 

13  29 

43  24.01 

+  0.71 

15.7 

+  .023 

2 

10939 

8.0 

47  42 

40  14.98 

-0.32 

15.1 

-.009 

4 

15345 

10056 

8.6 

14  35 

56  47.41 

+  0.76 

15.4 

+  .022 

4 

10941 

8.4 

47  50 

36  12.97 

-0.73 

15.7 

-  .025 

6 

10074 

8.7 

15  51 

44  0.80 

-0.30 

15.3 

-.010 

5 

10950 

5.8 

48  23 

42  40.18 

+  0.88 

15.0 

+  .033 

3 

10076 

6.6 

16  9 

49  11.73 

-7.07 

15.0 

-.201 

5 

11046 

8.8 

23  Oil 

55  46.15 

-1.15 

15.7 

-.039 

3 

15501 

10142 

8.6 

21  56 

40  2  0.21 

+  0.21 

15.5 

+  .007 

2 

11062 

S.6 

2  30 

38  37.39 

-2.31 

15.7 

-.066 

4 

10159 

7.5 

24  0 

39  50  16.82 

-0.28 

16.0 

-.008 

3 

11068 

8.1 

3  43 

30  23.59 

+0.69 

15.6 

+  .023 

4 

15563 

10160 

S.2 

24  2 

55  23.25 

-0.90 

15.4 

-.029 

4 

11085 

8.6 

5  50 

50  39.39 

-0.41 

15.1 

-.014 

5 

10161 

7.6 

24  7 

45  28.36 

+  1.48 

15.7 

+  .041 

4 

11100 

8.2 

7  50 

54  51.64 

+0.94 

15.7 

+  .026 

5 

10169 

9.2 

25  26 

39  40.09 

-0.01 

15.5 

-.000 

2 

11106 

8.5 

9  9 

41  25.55 

-1.25 

15.7 

-.035 

3 

10192 

8.6 

27  53 

40  34.19 

+  0.20 

15.4 

+  .007 

5 

11111 

8.9 

10  50 

42  42.49 

+  0.19 

15.6 

+  .007 

3 

10193 

7.0 

27  55 

51  16.73 

-0.87 

15.5 

-.024 

2 

17620 

11120 

8.6 

11  20 

58  45.98 

+  0.33 

15.8 

+  .008 

3 

10194 

9.1 

27  58 

54  58.32 

-0.68 

15.6 

-.019 

2 

11131 

8.2 

12  54 

45  16.12 

-0.88 

15.1 

-.025 

5 

10197 

9.1 

28  23 

51  52.81 

+  0.31 

15.7 

+  .009 

3 

11143 

8.6 

14  6 

37  22.08 

-0.52 

15.7 

-.018 

2 

10205 

8.7 

29  12 

53  17.06 

-0.24 

15.6 

-.008 

3 

11160 

9.0 

16  30 

48  11.72 

-0.98 

15.2 

-.034 

4 

10208 

8.7 

29  14 

41  19.87 

-0.53 

15.7 

-.015 

2 

11166 

7.9 

17  35 

32  53.31 

-0.29 

15.7 

-.008 

5 

10220 

8.3 

30  32 

38  17.89 

-0.21 

15.6 

-.006 

2 

11183 

9.1 

19  48 

47  44.48 

-1.32 

15.6 

-.038 

4 

10221 

7.9 

30  39 

34  34.57 

+  0.97 

15.7 

+  .031 

3 

11188 

6.9 

20  26 

42  11.53 

—  5.57 

15.7 

-.159 

4 

10225 

S.2 

30  57 

38  51.14 

-i.oe 

16.1 

-.042 

2 

11221 

8.4 

25  20 

31  20.97 

-0.23 

15.6 

-.007 

4 

10238 

5.0 

31  56 

51  10.64 

+  1.54 

15.9 

+  .038 

6 

11233 

6.0 

28  31 

32  48.36 

-1.74 

15.7 

-.054 

3 

10253 

8.4 

34  15 

46  51.08 

+  0.28 

15.2 

+  .008 

8 

11243 

8.9 

29  22 

49  52.61 

-0.59 

15.8 

-.020 

3 

15860 

10276 

7.8 

36  46 

57  23.94 

-0.96 

15.2 

-.026 

6 

11261 

8.1 

32  2 

49  15.43 

-0.57 

15.2 

-.016 

4 

10296 

8.8 

38  8 

54  31.06 

-0.04 

15.2 

-.001 

5 

11262 

8.0 

32  15 

47  44.93 

-0.47 

15.7 

-.016 

3 

10309 

9.0 

40  5 

54  6.55 

+  0.45 

15.7 

+  .016 

3 

11288 

7.4 

35  19 

51  47.85 

-2.55 

15.4 

-.088 

3 

10312 

8.5 

40  26 

51  0.22 

-0.68 

15.6 

-.019 

3 

11294 

8.4 

35  39 

37  19.82 

+  0.82 

15.7 

+  .023 

3 

10314 

8.9 

40  43 

54  49.06 

+  0.16 

15.7 

+  .005 

3 

11304 

9.0 

37  37 

36  52.22 

-1.48 

15.7 

-.041 

3 

10377 

9.1 

47  14 

48  56.82 

-0.58 

15.4 

-.016 

4 

11314 

8.4 

39  20 

44  55.80 

+  1.50 

15.1 

+  .043 

5 

10389 

8.9 

48  38 

49  58.32 

-3.78 

15.7 

-.108 

5 

11370 

8.4 

48  2 

37  10.41 

+  0.21 

15.4 

+  .006 

6 

10430 

8.8 

53  39 

36  2.00 

-1.30 

15.6 

-.041 

4 

11426 

8.4 

56  32 

42  59.73 

-1.07 

15.7 

-.030 

6 

10530 

8.4 

22  5  20 

38  54.92 

+  0.92 

15.4 

+  .026 

4 

11448 

6.7 

59  38 

43  21.01 

-0.69 

15.7 

-.019 

4 

10538 
10552 

7.7 

8.4 

5  57 

7  12 

33  11.26 
56  51.79 

+  0.06 
-0.65 

15.7 
15.4 

+  .002 
-.018 

4 
4 

16463 

10565 

8.9 

8  39 

52  38.94 

+  0.94 

15.6 

+  .027 

3 

10568 

7.7 

8  56 

51  53.81 

-0.09 

15.3 

-.003 

6 

J 

VOTES 

10611 

8.5 

15  2 

'  44  48.82 

+  0.32 

15.3 

+  .013 

6 

Bonn 

1063S 

9.0 

17  37 

44  7.95 

-0.25 

15.7 

-.007 

3 

1418  =  Bosj- 

369 

7321   Boss  2633 

16666 

10640 

8.2 

18  8 

56  51.34 

-1.06 

15.5 

-.032 

3 

4336   Boss 

1259 

8057   Boss  3023 

10668 

8.0 

21  21 

55  20.32 

-1.08 

15.4 

-.030 

4 

4877   Doo 

3 

8531   Ci.  1581 

10690 

8.8 

23  33 

40  36.77 

+0.57 

15.7 

+  .016 

5 

5139   Doo 

6 

8651   Boss  3321 

10701 

7.9 

25  0 

33  37.74 

+  0.54 

15.1 

+  .021 

4 

5244   Doo 

9 

9178   Doo.  50 

10716 

8.5 

26  14 

38  34.04 

-0.26 

15.5 

-.007 

5 

-Qoi    ^Dc 

o.  12 

9350   Ci.  1875 

10716 

8.5 

26  14 

38  34.04 

-0.26 

15.5 

-.007 

5 

^^^1    Ibo 

ss  1688 

\  Doo.  62 

16843 

10723 

7.4 

26  52 

58  22.75 

-1.50 

15.6 

-.040 

4 

5570   Doo 

15 

I  Boss  3922 

10770 

8.9 

30  50 

44  14.22 

-0.08 

15.1 

-.003 

4 

5797   Ci.  i 

62 

10050   Ci.  2086 

10783 

9.0 

31  52 

31  43.86 

-0.04  15.7 

-.001 

3 

6238   Doo 

.  30 

10053   Ci.  2087 

16965 

10803 

7.4 

33  49 

56  59.31 

-1.09  15.3 

-.032 

3 

6284   Doo 

31 

10466   Boss  4161 

10831 

5.7 

35  53 

34  22.19 

+  0.19  15.3 

+  .009 

5 

6379   Doo 

.  32 

10818   Doo.  65 

10853 

8.5 

37  49 

32  29.86 

+  0.26  15.5 

+  .009 

3 

7182   Bosf 

,  2570  , 

10991   Doo.  68 

724 

1   P 

lost 

,2601 

1112 

9   Boss  4411 

N"-  813 
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11434 

11495 

11516 

11727 
12009 
12181 


Bonn 


Doo.  77 
Ci.  2369 
Boss  4518 
I  Boss  4522 
I  Doo.  78 
Doo.  81 
Doo.  84 
Doo.  85 


Flower  Observatory, 

University  of  Pennsylvania. 


12562 
12763 
12841 
13287 
13578 
13995 
16965 


Doo.  90 
Doo.  94 
Boss  4930 
Boss  5035 
Boss  5113 
Boss  5205 
Doo.  120 


1339 
2127 
3290 
9311 
9751 
9812 
9837 
9901 

10076 


Boss  610 
Ci.  555 
Doo.  10 
Boss  5229 
Doo.  98 
Ci.  2718 
Doo.  99 
Doo.  100 
\  Doo.  101 
}  Ci.  2773 


Lund 


10159 

Doo.  102 

10193 

Doo.  103 

^  Doo.  104 
}  Boss  5553 

10568 

Doo.  113 

10831 

Boss  5856 

10950 

Ci.  2994 

11233 

Boss  6063 

SOLAR   AIOTIOX   FROM   RADIAL  VELOCITIES, 

By   J.    S.    PARASKEVOPOULOS. 


A  homogeneous  list  of  the  radial  velocities  of  537 
stars,  given  in  the  Publications  of  the  Dominion  Observa- 
tory of  Victoria  B.  C.  (Vol.  II,  No.  1,  1921)  offers  a 
good  opportunity  for  attempting  to  derive  the  elements 
of  the  solar  motion.  These  stars,  taken  from  Boss' 
Preliminary  Catalogue  between  the  5th  and  8th  mags., 
all  belong  to  the  northern  part  of  the  sk}^  and  therefore 
a  solution  based  upon  these  stars  alone  would  be  sub- 
ject to  well  known  objections.  However,  Vol'te 
in  his  First  Catalogue  of  Radial  Velocities  offers  a  good 
number  of  southern  stars  which,  in  combination  with 
the  above  mentioned  537  northern  stars,  sufficiently 
cover  the  entire  sky. 

I  have  made  three  solutions  for  deriving  the  amount 
and  the  direction  of  the  solar  motion. 

First.     A  solution  containing  the  northern  stars  only. 

Second.  A  solution  containing  the  southern  stars 
only. 

Third.  A  solution  containing  both,  the  northern 
and  the  southern  stars. 

From   the   radial   velocities   of  the   southern   stars   of 
^'oute's   Catalogue   I   omitted   those   of   the   nebula-,  | 


clusters,  and  of  the  center  of  gravity  of  the  spectro- 
scopic binaries. 

Crouping    of  the    stars.     The    total    number    of    the 
stars  used  for  the  present  solution  is: 


Radial 

velocities 

* 

Positive 

Negative 

Total 

Northern 

201 

336 

537 

Southern 

551 

192 

743 

Total 

752 

528 

1280 

These  stars  have  been  divided  into  groups,  each  group 
covering  an  average  area  of  30""  square  (roughly 
8°  X  8°).  The  number  of  the  groups  are  for  the  north- 
ern stars  163;  for  the  southern  stars  216.  A  pre- 
liminarj^  survey  of  the  positive  and  negative  velocities 
shows  immediately  that  the  positives  predominate  in 
the  hemisphere  from  0'"  to  12'^  of  right  ascension  and 
the  negatives  in  the  hemisphere  from  12'»  to  24''. 

High  velocity  stars  84%  of  the  total  number  of  stars 
used,  have  radial  velocities  not  exceeding  30  kil/sec. 
The  radial  velocities  of  the  remaining  16%  are  dis- 
tributed as  follows. 


Stars  Kil/sec 

30-40 

40-50 

50-60 

60-70 

70-80 

80-90 

90-100 

100-over 

Northern 

48 

33 

12 

6 

2 

0 

1 

0 

Southern 

52 

22 

10 

8 

4 

3 

4 

8 

A  plot  of  these  213  high  velocity  stars  shows  clearly 
the  prevalence  of  the  -|-'s  in  the  hemisphere  from  0  to 
12  hours  of  right  ascension  and  of  the  — 's  in  the 
hemisphere    from    12    to    24,    without    any    particular 


condensation  in  any  limited  area  of  the  sky. 

Results.  I  have  assigned  equal  weights  to  all  the 
velocities  involved  in  the  solutions.  The  results  are 
as  follows: 
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N°-  813 


For  1900.0 

Northorn  and 

*Cortliern  Stars 

Southern  Star.s 

Soiithrrn  Stars 

271.4 

272.2 

271.6      ±3.0 

+   31.6 

+  29.6 

+   30.3     ±3.0 

-20  .7  k/  s 

-   25.4 

-   23.33  ±1.03 

Let  us  consider  the  normal  equations  involv(Ml  in  the 
sohition  containing  all  th.e  stars,  northern  and  soutii- 
ern.      The  condition 

Ixy  =  ^xz  =  :S//2  =  0 

where : 

X  =  p  sin  5,     y  =  p  cos  6  cos  a      and  z  =  p  cos  5  sin  a 

should  be  true  if  the  stars  are  evenly  distributed  over 
the  whole  sky.     In  the  present  solution  this  condition 


is  very  nearly  satisfied  as  shown  by  the  following  nor- 
mal equations: 

+  151.773  .1  +     1.252  B  -     0.929  C  =  -1803.217 

+  110.528       -      0.191        =   -      81.893 

+  116.417       =  +2355.737 

Proceeding  according  to  Ejnak  HEirrsPRUNG's  method, 
given  in  the  Bulletin  of  the  Astronomical  Institute  of  the 
Netherlands  No.  16  (p.  84),  we  could  entirely  satisfy 
the  condition  ''^^xy  =  ^xz  =  Zyz  =  0  by  omitting  the 
necessary  number  of  stars.  However,  if  we  compare 
the  results  from  the  separate  solutions  for  the  northern 
and  for  the  southern  stais,  as  given  above,  we  see  that 
the  improvement  in  the  final  values  of  the  elements  of 
the  solar  motion  cotild  not  e.\c(>cd  the  amount  of  the 
prol)able   errors. 

National  Ohservalory,  Alliens,  Greece, 
October,  1022. 


Date 
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OBSERVATIONS  OF  THE  COMET  BAADE, 

MADE  WITH  THE  IS^'o-IN'CH  EQUATORIAL  OF  THE  DEARBORN'  OBSERVATORT, 

By   LLOYD    R.   WYLIE. 


Coiiip. 


^-* 


App 


A]ip.  5 


24 

15     0  40 

1 

12  4 

+  0     9.42 

-4  37.0 

19  58     3.09 

36  18  20.7 

25 

13  15  19 

2 

8  2 

-3  27.52 

+  1  37.3 

20     0     9.24 

36     2  26.0 

25 

17  30  40 

3 

16  6 

-1  41.S4 

+2  41.7 

20     0  33.40 

35  59  12.9 

26 

13   11     7 

4 

12  5 

-1     4.07 

-0  53.8 

20     2  25.71 

35  45  18.2 

27 

13  28     8 

5 

20  5 

+  0  14.81 

-2  31.9 

20     4  44.25 

35  27  31.3 

Log  pA 


9.6250  0.3564 

9.3539  0.0951 

9.7316  0.6679 

9.3409  0.1031 

9.1114  0.1613 


Mean  -Places  of  the  Comparison  Stars  for  1922.0  and  Reduction  to  Apparent  Place 

No.  o  Red  a  S  Red.  d  Antliority 


1 

19  57  51.86 

+  1.81 

36  22  25.1 

+  32.6 

.1.  a 

Lvnd  8930 

2 

20     3  34.90 

1.86 

36     0  16.0 

32.7 

A.  G 

Lund  9019 

3 

20     2  13.45 

1.85 

36  55  58.5 

32.7 

A.  a 

Lund  8991 

4 

20     3  28.53 

1.85 

35  45  39.4 

32.6 

A.  G 

Lund  9016 

5 

20     4  27.61 

1.83 

35  29  30.7 

32.5 

A.  G 

Lund  9036 
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THE   PROPER-MOTIONS   OF   315   RED   STARS, 

By  RALPH  E.  WILSON 


Soon  after  the  publication  of  the  Proper-Motions  of 
154  Red  Stars\  the  writer  received  obser\'ations  of  a 
large  number  of  these  stars  by  Gyllenberg-  at  Lund 
in  the  years  1917-1920.  Additional  observations  of 
the  southern  stars,  also,  became  available  with  the 
distribution  of  the  Cordoba  Zone  Catalog  B,  and  a 
complete  re-examination  of  the  data,  including  some 
of  the  older  catalogs  which  in  the  first  investigation 
were  considered  of  too  small  weight,  has  been  made. 
As  a  result  of  this  survey,  the  proper-motions  of  315 
stars  have  been  derived.  The  systematic  errors  of  the 
catalogs  have  been  eliminated  as  far  as  possible  by 
reduction  to  the  system  and  weights  of  the  Prelim- 
inary General  Catalog.  All  proper-motions  with  prob- 
able errors  equal  to  or  less  than  ".015  in  either  co- 
ordinate are  included  in  Table  I  and  were  given  weight 
1.0  in  the  solutions.  Those  with  probat)le  errors 
between  ".015  and  ".025  may  be  considered  fair 
approximations  and  they  have  been  given  weight  0.5 
in  the  solutions.     The  remainder  are  quite  vmcertain 

' Astronomicnl  JininmU  34,  2.3,  1922. 

'Meddelamtcn  /ran  Lumh  Aslro7iomiska  Obscrraloriuin,  Series  II, 
No.  27,  1922. 


but  they  are  the  results  from  the  material  at  present 
available.  They  are  listed  with  those  of  weight  0.5 
in  Table  II,  being  given  only  to  the  second  decimal 
place,  and  are  assigned  a  weight  0.2.  Exceptions  to 
this  system  have  been  made  in  the  cases  of  a  few  stars 
as  noted  below  the  tables.  In  six  cases,  no  meridian 
observations  being  available,  the  proper-motions  de- 
rived from  photographs  by  the  Misses  Youn(;  and 
Farnsworth''  have  been  used.  In  three  cases,  merid- 
ian proper-motions  of  weight  0.5  have  been  combined 
with  the  photographic  and  assigned  a  weight  1.0. 
Except  where  noted,  the  proper-motions  have  been 
determined  by  the  writer.  In  Table  I  are  listed  the 
star,  position  for  1900,  Harvard  classification  of 
spectrum,  proper-motion  in  right-ascension  in  time 
and  arc  with  the  probable  error,  proper-motion  in 
declination  with  probable  error  and  the  total  proper- 
motion.  In  Table  II  are  given  the  star,  its  position, 
classification  of  spectruin  and  the  three  proper-motions, 
the  weight  used  in  the  solutions  being  indicated  by 
the  presence  or  absence  of  the  colon. 


■'Astronomicnl  Jnurnnt,  33,  194,  1921. 


TABLE    I 


* 

a 

5 

Sp. 

Mo, 

Mo 

p.   0. 

Ms 

p.  e. 

M 

1 

2 
3 

4 
5 
6 

7 
8 

H.  D.  151    .  . 

h      m 

0  1.2 

10.3 
12.2 
14.6 
17.8 
18.8 
22.2 

1  10.6 

-33  22 
-32  36 
+  49  44 
+44     9 
+  55  14 
+  38     1 
+  35     2 
+  25  14 

Md 

Md 

Nb 

Pec. 

Md 

R? 

Nb 

Na 

-.0003 
+      65 
+      30 

-  09 
+       46 

-  11 

-  01 

-  06 

-.004 
+  .082 
+  .029 
-.010 
+  .040 
-.013 
-.001 
-.008 

±.007 
11 
10 
05 
05 
06 
06 
02 

+  .018 
+  .041 
+  .022 
-.002 
-.001 
-.022 
-.014 
+  .002 

±.008 
12 
15 
07 
08 
07 
07 
05 

.018 
.092 
.036 
.010 
.040 
.026 
.014 
.008 

ST  Cassiopeia- 

VX  Andromeda! 

T  Cassiopeiae 

R  Andromeda' 

H.  D.  2342 

(183) 


184 
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*         ,    ^' 

.>|i. 

P 

J 

A":, 

p.   C. 

Ms 

p.  e. 

M 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 

S  Cassiopeia' 

R  Sculptor 

h      m 

1  12.3 
22.4 
25.5 
33.8 
53.0 

2  9.6 
10.4 
14.3 
15.7 
20.9 
30.2 
32.1 
35.0 
42.8 
43.2 

3  3.7 
6.7 

10.0 
20.9 
33.2 
51.0 
57.2 

4  22.4 
22.8 
27.3 
32.5 
32.7 
35.6 
40.8 
42.7 
43.5 
45.2 
53.6 
55.0 
55.6 

5  0.2 
2.2 
4.9 
9.2 

12.5 
15.3 
15.6 
20.5 
27.8 
28.7 
39.1 
39.7 
41.7 
49.7 

6  1.6 

+  72     5 
-33     4 

+   2  22 
+  38  50 
+  54  20 
+  11  47 
+  24  35 

-  3  26 
+  58     8 

-  0  38 

-  9  53 
+  38  44 
+  30  47 
+  17     6 
+  56  34 
+  57  31 
+47  27 
-57  41 
+43  50 
+62   19 
-24  20 
+  61  32 
+  57  11 
+   9  56 
+  36  29 
-63   14 
+  27  58 
-62   16 
+  67  59 
+34  49 
-49  26 
+28  21 
+  7  59 
-14  57 
+  50  29 
+    1     2 
+38  52 

-  5  38 
+  53  28 
+  35  41 
+  32  24 
-33  49 
+  34     4 
+  7     4 
+22     6 
+24  23 
+  20  39 
+  30  36 
+45  29 
-24  11 

Pec. 

Nb 

Md 

Md 

Md 

Nh 

Md 

Md 

Md 

Md 

R3 

N 

Mc 

Me 

Mc 

R5 

Np 

Na 

Nb 

Nb 

Md 

R8 

Md 

Md 

Md 

Mc 

Nb 

Nb 

Md 

Nl) 

R? 

Pec. 

Nb 

Nb 

Nb 

Nb 

Md 

Nb 

R? 

Md 

Nl) 

Nb 

Nb 
Nb 
Na 
Mc 
Mc 

+  .0017 

-  22 

-  08 

-  03 
+      33 
+       21 
+       20 

-  04 
+       11 
+       22 
+       02 

-  33 

-  10 

-  21 

-  06 

-  01 

-  11 
+       11 
+       29 
+       14 
+       20 

-  25 

-  59 

-  16 

-  25 

-  24 

-  10 

-  116 

-  02 
+       24 
+       51 

-  11 
+      29 

-  07 
+       15 
+      01 

-  05 
+       15 
+       29 
+      13 
+      14 
+      25 
+      33 

-  22 
+  ■    12 
+      09 
+       07 
+       14 
+       07 
+      06 

+  .008 
-.028 
-.012 
-.004 
+  .029 
+  .031 
+  .027 
-.006 
+  .009 
+  .033 
+  .003 
-.039 
-.013 
-.030 
-.005 
-.001 
-.011 
+  .009 
+  .031 
+  .010 
+  .027 
-.018 
-.048 
-.024 
-.030 
-.016 
-.013 
-.081 
-.001 
+  .030 
+  .049 
-.015 
+  .043 
-.010 
+  .014 
+  .002 
-.006 
+  .022 
+  .026 
+  .016 
+  .018 
+  .031 
+  .040 
-.033 
+  .017 
+  .012 
+  .010 
+  .018 
+  .007 
+  .008 

±.004 
09 
10 
10 
06 
07 
06 
01 
06 
09 
09 
11 
09 
07 
06 
05 
10 
02 
09 
04 
15 
05 
08 
10 
13 
07 
13 
04 
01 
08 
11 
07 
12 
07 
06 
04 
11 
11 
05 
09 
07 
10 

11 
06 
07 
07 
07 
11 
07 

-.034 

-  .037 
+  .001 
-.012 
+  .006 
+  .055 
-.022 
-.229 
+  .011 
-.022 
+  .006 
+  .020 
+  .015 
-.017 
+  .010 
-.004 
-.011 
+  .015 
-.002 
+  .017 
+  .000 
+  .007 
-.032 
-.003 
+  .003 
+  .048 
+  .026 

-  .085 

-  .003 

-  .033 
+  .049 
+  .016 
-.078 
+  .010 
-.003 
-.005 
+  .012 
+  .022 

-  .040 

-  .007 

-  .005 
+  .036 
+  .014 
+  .012 
±.000 
+  .001 
+  .017 
+  .003 
-.022 
-.016 

±.011 
10 
08 
11 
11 
07 
06 
01 
10 
09 
08 
13 
10 
08 
12 
09 
15 
04 
12 
09 
15 
10 
14 
10 
15 
12 
12 
07 
04 
11 
15 
08 
10 
07 
13 
04 
13 
11 
12 
10 
08 
12 

10 
09 
07 
07 
08 
15 
06 

.035 
.046 
.012 
.013 
.030 
.063 
.035 
.229 
.014 
.040 
.007 
.044 
.020 
.034 
.011 
.004 
.016 
.018 
.031 
.020 
.027 
.019 
.058 
.024 
.030 
.051 
.029 
.117 
.003 
.045 
.069 
.022 
.089 
.014 
.014 
.005 
.013 
.031 
.053 
.017 
.019 
.048 
.042 
.035 
.017 
.012 
.020 
.018 
.023 
.018 

R  Piscium       

Y  Andromedm 

U  Perseus 

R  Arietis 

0  Ceti 

iS  Persei 

R  Ceti 

H  D   16115 

UY  Andromedie 

Y  Arietis 

T  Arietis 

W  Persei            

H.D.  19557 

H.  D.  19881 

H.  D.  20234 

Y  Persei          

U  Camelopardalis  .  .  . 
T  Eridani            

H.  D.  25408 

RV  Camelopardalis .  . 

R  Tauri 

+  36°  911         

R  Reticuli          

+27°  677 

R  Doradus    

ST  Camelopardalis  .  . 

H.  D.  30443 

R  Pictoris 

TT  Tauri    

R  Leporis 

H.D.  32088.  ........ 

W  Orionis 

TX  Auriga 

F.D.  33404. 

R  Aurigae               .... 

H.  D.  34467 

UV  Aurigce 

T  Columbw    

S'Aiirigce 

RT  Orionis 

+22°  947 

TU  Tauri 

Y  Tauri 

H.  D.  38572 

TW  Aurigw    
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Sp. 


79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 


TU  Geminorum . 

H.  D.  44544 

H.  D.  44984 ... 
UU  Aurifia'  .... 

H.  D.  47883 

H.  D.  49247 

H.  D.  51208.  .  . 
X  Mofwcerolif: .  . 

R  Lyncif!   

RV  Monocerotis. 

H.  D.  53432 

R  Geminorum  .  . 
RY  Monocerotis . 
R  Cams  Minoris 
W  Can.  Majoris 

L>  Puppis 

H.  D.  58364 

H.  D.  58385 

H.  D.  58881  .... 

H.  D.  59643 

iS  Canis  Minoris . 
S  Geminorum .  . . 
T  Geminorum.  .  . 
W  Canis  Minoris 

U  Puppis 

R  Cancri 

RY  Hydrw 

1'  Cancri 

RT  Hydrce 

(7  Cancri 

R  Pyxidis 

H.  D.  75021 .... 

S  Hydra 

X  Cancri 

T  Hydra; 

T  Cancri 

H.  D.  76846 

H.  D.  77234 

RH  Cancri 

H.  D.  79319 

R  Carince 

R  Leonis  Minoris 

R  Leonis 

H.  n.  85319 

Y  Hydrce 

.V  Velorum 

V  Leonis 

S  Carince 

H.  D.  88539 

r  Aiitlla- 


10 


4.7 
17.2 
19.8 
29.7 
35.7 
42.4 
51.3 
52.4 
53.0 
53.0 
56.1 
1.3 
2.1 
3.2 
3.4 
10.5 
20.2 
20.3 
22.4 
25.8 
27.3 
37.0 
43.3 
43.4 
56.1 
11.0 
14.9 
16.0 
24.7 
30.1 
41.3 
42.4 
48.4 
49.7 
50.8 
51.0 
53.6 
56.2 
4.6 
8.3 
29.7 
39.6 
42.2 
45.9 
46.4 
51.3 
54.5 
6.2 
7.5 
30.8 


+  26  3 
+  3  29 
+  14  48 
+38  31 
+  31  33 
+  0  48 
-42  14 

-  8  56 
+55  27 
+  6  18 

-  3  6 
+  22  52 

-  7  24 
+  10  11 
-11  46 
-44  28 
+22     5 

-  2  57 
-n  31 
+  24  44' 
+  8  33 
+  23  41 
+23  59 
+  5  40 
-12  34 
+  12  2 
+  35 
+  17  36 

-  5  59 
+  19  14 
-27  50 
-29  21 
+  3  27 
+  17  37 

-  8  46 
+  20  14 
+  34  9 
+  50  29 
+31  23 
+  14  37 
-62  21 
+  34  58 
+  11  54 

-  1  33 
-22  32 
-41  7 
+  21  44 
-61  4 
-34  50 
-39     3 


Na 

Mc 

Nb 

Na 

Na 

Pec. 

Na 

Md 

Pec. 

Nb 

R5 

R? 

Pec. 

Na 

Md 

R5 

Nb 

Rp 

R8 

Md 

Md 

R? 

Na 

Md 

Md 

Np 

Md 

Mc 

Md 

Md 

R8 

Md 

Nb 

Md 

Ro 

R5- 

Mc 

R5 

Md 

Md 

Md 

Nb 

Np 

Nb 

Md 

Md 

Na 

Nb 


+  .0005 
+      17 


16 
19 
10 
21 
10 
01 

-  12 

-  05 

-  09 
+  06 
+  15 
+  01 
+  05 
+     108 


+ 


+ 


+ 


13 
04 
02 
03 
10 
05 
05 
09 
11 
05 
01 
03 
37 
06 
39 
29 
16 
03 
08 
09 
07 
04 
09 
02 
74 
10 
01 
03 
15 
21 
07 
129 
10 
42 


+  .007 
+  .026 
+  .023 
+  .022 
-.013 
+  .032 
+  .011 
+  .001 
-.010 
-.007 
-.014 
+  .008 
+  .022 
+  .001 
+  .007 
+  .116 
+  .018 
+  .006 
+  .003 
-.004 
+  .015 
-.007 
+  .007 
+  .013 
-.016 
+  .007 
+  .002 
+  .004 
+  .055 
+  .009 
-.052 
-.038 
+  .024 
+  .004 
-.012 
-.013 
+  .009 
-.004 
-.012 
+  .003 
-.052 
+  .012 
-.001 
+  .004 
-.021 
-.024 
+  .010 
-.093 
-.012 
-.049 


.003 
14 
07 
03 
08 
14 
04 
13 
08 
09 
09 
05 
11 
05 
07 
04 
15 
14 
13 
06 
15 
06 
05 
13 


05 
09 
08 
11 
08 
13 
07 
07 
03 
06 
05 
09 
06 
04 
08 
04 
07 
03 
10 
08 
09 


04 
06 

05 


-.007 
-.041 

-  .005 
-.022 
-.025 
-.021 
+  .012 
+  .009 

-  .075 
+  .001 
+  .002 
+  .002 
+  .024 
-.006 
+  .014 
+  .328 
+  .005 

-  .043 
+  .005 
-.010 
+  .023 
-.027 
-.001 
+  .012 
-.036 
-.007 
+  .009 
-.006 
-.037 
-.009 

-  .006 
-.011 
+  .016 
+  .004 
-.004 
-.008 
-.021 
-.002 
-.051 
-.012 
+  .012 
-.014 
-.042 
+  .005 

-  .006 
-.030 
-.019 
+  .062 
+  .009 
-.001 


.003 
12 
07 
04 
09 
15 
04 
12 
13 
08 
09 
05 
10 
04 
06 
04 
15 
14 
14 
06 
14 
06 
05 
12 

05 
08 
09 
11 
09 
14 
08 
04 
03 
06 
04 
11 
10 
05 
07 
06 
09 
03 
10 
08 
10 

07 
07 
05 


.010 

.049 

.024 

.031 

.028 

.038 

.016 

.009 

.076 

.007 

.014 

.008 

.033 

.006 

.016 

.348 

.019 

.043 

.006 

.011 

.027 

.028 

.007 

.018 

.039 

.010 

.009 

.007 

.066 

.013 

.052 

.040 

.029 

.006 

;013 

.015 

.023 

.004 

.052 

.012 

.053 

.018 

.042 

.006 

.022 

.038 

.021 

.112 

.015 

.049 
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Sp. 


109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 


f '  Hi/dra 

R  ('rs(e  Minori'^  .  .  . 
11.  D.  92839 

V  Hydrcc 

R  Crateris 

H.  D.  100764 

S  Crateris 

Z  Ursa  Majoris  .  .  . 

T  Virginis 

H.  D.  107317 

S.S  Virginis 

R  Virginis 

V  Ursce  Majoris  .  .  . 
S  Ursce  Majoris  .  .  .  . 

V  Can.  Venaticorum 

U  Virginis 

RY  Draconis 

H.  D.  112869 

RT  Virginis 

SW  Virginis 

V  Virginis 

R  Hydras 

S  Virginis 

T  Centauri 

W  Hydra 

R  Centauri 

S  Boolis 

RX  Bootis 

V  Centauri 

T'  Bootis 

R  Bootis 

X  Triang.  A 

S  Serpentis 

S  Corona 

U  Libra 

T  Norma 

V  Corona 

R  Serpentis 

ST  Hercidis 

X  Hercidis 

R  Herculis 

U  Serpentis 

V  Ophiuchi 

RS  Scorpii 

RR  Scorpii 

R  Ophiuchi 

TW  Ophiuchi 

V  Pavonis 

SZ  Sanitt 


11 


12 


10  32.6 
37.6 
38.1 
46.8 
55.6 
30.7 
47.6 
51.3 

9.5 
15.2 
20.1 
33.4 
35.8 
39.6 
40.4 
46.0 
52.5 
54.7 
57.6 

8.9 
22.6 
24.2 
27.8 
36.0 
43.4 

9.4 
19.5 
19.7 
25.1 
25.7 
32.8 

4.7 
17.0 
17.3 
36.2 
36.4 
46.0 
46.1 
47.8 
59.6 

1.7 

2.5 
21.2 
48.4 
50.2 

2.0 
23.8 
34.7 
39.1 


13 


14 


15 


16 


17 


-12  52 
+  69  18 
+  67  56 
-20  43 
-17  47 
-14     2 

-  7  3 
+  58  25 

-  5  29 

-  8  27 
+  1  20 
+  7  32 
+  56  24 
+  61  38 
+45  58 
+  66 
+  66  32 
+  38  20 
+  5  43 

-  2  16 

-  2  39 
-22  46 

-  6  41 
-33  6 
-27  52 
-59  27 
+  54  16 
+26  11 
-29  39 
+39  18 
+  27  10 
-69  42 
+  14  40 
+  31  41 
-20  51 
-54  40 
+39  .52 
+  15  26 
+48  48 
+47  31 
+  18  38 
+  10  12 
-12  12 
-44  56 
-30  25 
-15  58 
-19  24 
-57  40 
-18  37 


Nl) 
Md 

Na 

Mc 

Ro 

Mc 

Md 

Md 

Mc 

Np 

Md 

Mc 

Pec. 

Nh 

Md 

Np 

Na 

Md 

Mc 

Md 

Md 

Md 

Md 

Md 

Md 

Md 

Mc 

Mc 

]\Id 

Md 

Nh 

Md 

Md 

Md 
Nb 
Md 
Mc 
Mc 
Md 
Md 
Nb 
Md 
Md 
Md 
Nl) 
Nl) 
Nb 


+.0022 
-   96 


+ 


+ 


+ 


4- 


+ 


16 
42 
14 
28 
14 
19 
03 
08 
04 
29 
15 
47 
08 
04 
04 
03 
32 
37 
07 
47 
01 
23 
41 
36 
19 
17 
30 
26 
14 
08 
11 
02 
24 
32 
42 
05 
22 
46 
13 
02 
03 
35 
14 
14 
01 
00 
12 


+  .032 
-.051 
+  .009 
-.059 
-.020 
+  .041 
-.021 
-.015 
-.004 
-.012 
+  .006 
-.043 
-.012 
-.033 
+  .008 
+  .006 
+  .002 
-.004 
+  .048 
-.056 
+  .010 
-.065 
-.001 
-.029 
-.055 
-.027 
+  .017 
+  .023 
-.039 
+  .030 
-.019 
+  .004 
+  .016 
-.003 
+  .034 
-.028 
+  .048 
-.007 
+  .022 
-.046 
+  .018 
+  .002 
+  .004 
+  .037 
-.018 
-.020 
-.001 
=t.000 
+  .017 


±.005 
03 
02 
09 
09 
14 
11 
07 
12 
14 
06 
09 
06 
03 
02 
06 
03 
07 
10 
07 
08 
03 
06 
06 
07 
05 
05 
06 
11 
08 
05 
02 
11 
07 


09 
07 
10 
10 
08 
07 


12 

10 
10 
12 
10 
06 
11 


-.020 
-.022 
-.010 
-.002 
+  .004 
-.003 
-.006 
-.018 
+  .003 
-.028 
-.003 
-.009 
+  .017 
-.004 
+  .005 
+  .001 

-  .032 
-.019 
-.017 
-.012 
+  .028 
-.002 
-.002 
-.001 

-  .065 
-.020 
-.039 
-.046 
-.032 
-.042 
+  .009 
-.011 
+  .008 

-  .022 
-.044 

-  .068 
+  .007 
-.053 
-.001 
+  .048 
-.010 
+  .049 
-.010 

-  .034 
-.016 
-.028 
-.006 

-  .059 
+  .023 


.004 
07 
07 
10 
09 
15 
11 
12 
11 
14 
06 
09 
10 
05 
03 
06 
08 
08 
10 
07 
07 
04 
06 
07 
07 
08 
08 
06 
11 
10 
05 
04 
10 
07 

10 
08 
10 
14 
12 
08 

13 
13 
12 
11 
10 
10 
14 


.038 
.056 
.013 
.059 
.020 
.041 
.022 
.023 
.005 
.030 
.007 
.044 
.021 
.033 
.010 
.006 
.032 
.019 
.051 
.057 
.030 
.065 
.002 
.029 
.085 
.034 
.043 
.051 
.050 
.052 
.021 
.012 
.018 
.022 
.056 
.074 
.049 
.053 
.022 
.066 
.021 
.049 
.011 
.050 
.024 
.034 
.006 
.059 
.029 
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5 

Sp. 

-63  38 

Md 

+31     0 

Md 

+  3  40 

Md 

+36  55 

-   7  41 

Nb 

+   8  44 

Md 

+  6  43 

Np 

+  36  52 

Nb 

-   8     1 

Nb 

+  0  19 

+  14   14 

Nb 

-   5  50 

Np 

-16     5 

Na 

-10  54 

Ro 

+  76  23 

Nb 

+  45  50 

-16  35 

Nb 

+  49  58 

Md 

+32  23 

Nb 

-72     1 

Md 

+  32  40 

Mdp 

-59  27 

Md 

+44     0 

Nb 

+  9  14 

Nb 

+  20  49 

Nb 

+  20  22 

Nb 

+  36  32 

Np 

+  38  28 

N 

-21  38 

N 

+47  35 

R8 

-28  35 

Md 

+32  14 

Pec. 

-   5  12 

+  17  44 

Md 

+   24 

Md 

+  45  41 

Pec. 

+  23  26 

Md 

-16  49 

Mc 

-14  48 

Mc 

+  68     5 

Md 

+  12  23 

Md 

-45  26 

Na 

-15  35 

Md 

+41  58 

+49  54 

+44  56 

Mc 

+78  10 

Pec. 

+35     2 

Nb 

+37  35 

N 

+  50     1 

Pec. 

158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 


R  Pavonis  .  .  . 
T  Herculis  . . 
R  Y  Ophiuchi . 

T  Lyrce 

RX  Scuii  .  .  . 
X  Ophiuchi  . 
H.  D.  172804 
H.  D.  173291 

S  Scuit 

UW  Aquiloe.  . 
UV  Aquilce  . 

V  Aquilce  . .  . 
-16°  5272  .  . 
-10°  5057  .. 
VX  Draconis , 
AW  Cygni  .  . 
AO  Sagitl.  .  . 
R  Cygni  .... 
TT  Cygni... 
T  Pavonis .  .  . 

Cygni  

S  Pavonis  .  .  . 
AX  Cygni  .  . 
+  9°  4369.  .  . 
+20°  4390.  . 
X  Sagiitce .  .  . 
A  A  Cygni . .  . 
RS  Cygni.  .  . 
RT  Capricorn 
U  Cygni .... 
T  Miscroc. .  . 
A  D  Cygni .  .  . 

V  Aquarii  .  . 
U  Delphini .  . 

V  Aquarii  .  . 
+45°  3271 .  . 
R  Vulpeculce 
RS  Capricorn 
RX  Aquarii . 
T  Cephei .... 
R  Equvlei .  .  . 

T  Indi  

T  Capricorn. 
YY  Cygni... 
+49°  3535 .  . 
W  Cygni .... 
S  Cephei.  .  .  . 
+34°  4500  . . 
RV  Cygni.  .  . 
+49°  3673 .  . 


19 


20 


21 


3.3 
5.3 
11.6 
28.9 
31.7 
33.6 
37.1 
39.4 
44.9 
52.0 
54.0 
59.1 
13.4 
17.6 
25.1 
25.8 
28.6 
34.1 
37.1 
39.5 
46.7 
46.8 
54.0 
56.3 
58.0 
0.7 
0.8 
9.8 
11.3 
16.5 
21.8 
27.6 
39.1 
40.9 
41.8 
43.4 
59.9 
1.7 
7.3 
8.2 
8.4 
13.6 
16.5 
18.6 
25.8 
32.2 
36.5 
37.8 
39.1 
51.5 


-.0004 

-  04 
07 

-  11 

-  31 

-  09 

-  07 

-  10 

-  12 

-  14 

-  24 

-  09 

-  11 

-  03 

-  27 

-  07 

-  10 

-  03 

-  03 

-  07 

-  60 

-  01 
21 

=   00 

-  04 

-  01 

-  23 

-  06 

-  21 

-  26 

-  01 

-  03 
09 
05 
02 
05 
09 
27 
12 
79 
23 
14 
10 
07 
15 
38 
40 
10 
05 
23 


-.003 
+  .005 
-.010 
+  .013 
+  .046 
+  .013 
-.010 
+  .012 
+  .018 
+  .021 
+  .035 
+  .013 
+  .016 
+  .004 
-.009 
+  .007 
+  .014 
-.003 
-.004 
-.003 
-.076 
+  .001 
-.023 
±.000 
-.006 
+  .001 
-.028 
-.007 
-.029 
-.026 
+  .001 
-.004 
+  .014 
+  .007 
+  .003 
+  .005 
+  .012 
+  .039 
+  .017 
-.043 
+  .034 
+  .015 
+  .014 
-.008 
-.015 
+  .040 
+  .012 
+  .012 
+  .006 
+  .022 


±.008 
06 
12 
14 
13 
13 
09 
09 
08 
12 
11 
05 
04 
05 
01 
10 
07 
03 
07 
04 
12 
06 
04 
07 
08 
09 
13 
04 
07 
07 
06 
08 


14 
09 
10 
07 
11 
13 
02 
13 
08 


08 
11 
11 
01 
05 
06 
06 


+  .018 
+  .009 
-.013 
+  .021 
-.007 
+  .023 
+  .001 
-.002 
+  .003 
+  .012 
+  .004 
+  .005 
+  .002 
+  .027 
+  .002 
+  .063 
+  .006 
-.003 
+  .009 
-.010 

-  .054 
-.061 
-.012 
-.016 
-.010 
-.027 
-.010 
-.013 
-.022 
+  .035 
+  .003 
+  .011 
+  .035 
+  .012 
-.007 
+  .029 
-.006 
-.038 
-.036 

-  .038 
-.016 
+  .001 
-.024 
+  .005 
+  .007 
-.003 
-.005 
-.014 
+  .002 
+  .002 


±.015 
06 
12 
14 
13 
12 
09 
10 
07 
12 
12 
05 
04 
04 
04 
13 
06 
04 
09 
10 
10 
09 
05 
06 
09 
09 
15 
04 
08 
10 
05 
10 


15 
09 
13 
06 
11 
13 
08 
11 
09 


10 
15 
14 
08 
05 
07 
08 


.018 
.010 
.016 
.025 
.047 
.026 
.010 
.012 
.018 
.024 
.035 
.014 
.016 
.027 
.009 
.063 
.015 
.004 
.010 
.010 
.093 
.061 
.026 
.016 
.012 
.027 
.030 
.015 
.036 
.044 
.003 
.012 
.038 
.014 
.008 
.029 
.013 
.054 
.040 
.057 
.038 
.015 
.028 
.009 
.017 
.040 
.013 
.018 
.006 
.022 


ISS 
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0 

Sp. 

+  22  24 

Nl) 

-17     6 

+  20  34 

R3 

+39  48 

Md 

+  G1   12 

Nl) 

+  53  41 

Nh 

+  10     0 

IVId 

+40  15 

M(l 

+  10     4 

Mc 

+  8  22 

Md 

+48  58 

Nb 

-15  50 

Md 

+   2  56 

Na 

+  5  50 

R3 

+  60  27 

Mc 

+  50  50 

Md 

-57     8 

Md 

+  59  48 

Na 

+43     0 

Nb 

208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 


RX  Fecjasi .  .  .  . 
U  Aqtiarii  .  .  .  . 
+20°  5071  .  .  .  . 

.SI  Lacerto' 

+61°  2432.  .  .  . 
+53°  3033.  .  .  . 

R  Pegn-'ti 

TV  Andromeda 

+  9°  5191 

.S  Pegoffi 

+48°  4051  . .  . . 

R  Aquarii 

19  Pisciiim  .  .  .  . 

+5°  5223 

TZ  Cassiopeice . 
R  Cassiopeice .  . 
S  Ph(E7iicis .  .  .  . 

+59°  2810 

.SL^  Andromeda- 


21   51. 


22 


23 


+  .0C04 


+ 


+ 


01 
14 
24 
16 
09 
08 
18 
21 
57 
11 
20 
30 
09 
13 
75 
18 
18 
12 


+  .006 
+  .001 
+  .020 
+  .028 
+  .012 
+  .008 
-.012 
+  .021 
+  .031 
+  .084 
-.011 
+  .029 
-  .045 
+  .013 
-.010 
+  .071 
-.015 
+  .014 
+  .013 


07 
07 
07 
06 

07 
07 
15 
07 
05 
01 
07 
05 
03 
06 
03 
07 


+  .001 
+  .020 
-.003 
+  .012 
+  .013 
+  .006 
-.038 
+  .002 
-.002 

-  .048 
+  .013 

-  .005 
-.020 
+  .002 
+  .001 
-.002 
+  .014 
-.003 
+  .024 


±.C08 


07 
11 
12 

12 

09 
07 
14 
11 
04 
01 
06 
11 
05 
09 
06 
09 


.006 
.020 
.020 
.030 
.018 
.010 
.040 
.021 
.031 
.097 
.017 
.029 
.049 
.013 
.010 
.071 
.021 
.014 
.027 


NOTES 

6,  9,  41,  49,  67,  70,  72,  77,  81,  86,  122,  164,  175.     Spectra  are  classified,  S,  by  Merrill. 
51,  83,  143,  150,  190  and  209.     Proper-motions  were  derived  by  Misses  Young  and  Farnsworth^ 
105,  200  and  214.      ProiM-r-motions  are  the  means  of  those  derived  by  Misses  Young  and  Farxs-worth 
and  WiL.soN. 

178.     Proper-motion  taken  from  the  Preliminary  General  Catalog,  no  later  material  being  available. 
187.     Spectrum  classified,  Nae,  by  Moore.'" 


TABLE    II 


T  Androm.. 

SCeti 

//.  /).  5223. 
S  Piscium  . 
H.  D.  10636 

U  Celt 

R  Triang. .  . 
II.  D.  16896 
+57  647  . . 
R  Persei.  .  . 
II.  D.  24281 
V  Eridani  . 
W  Eradini . 
T  Camelop. 
T  Cmli  .... 


0  17.2 
19.0 
48.9 

1  12.3 
38.7 

2  28.9 
31.0 
37.4 
43.6 

3  23.7 
46.7 
59.7 

4  7.3 
30.3 
43.8 


+26  26 
-  9  53 
+23  32 
+  824 
+53  28 
-13  35 
+33  50 
-23  2 
+57  26 
+35  20 
-43  50 
-16  0 
-25  24 
+65  57 
-36  23 


Sp. 


Md 

Md 

R 

Md 

R5 

Md 

Md 

Mc 

Md 
R3 
Mc 
Md 
R? 
Nb 


+  .021 

-.009 

+.148 

-.031 

+.23: 

+  .057 

-.01: 

+  .021 

-.031 

-.049 

-.11 

±.00 

+  .11 

-.04 

-.023 


+  .046 
+  .020 
-.018 
-.028 
+  .07: 
-.004 
-.03: 
-.016 
-.013 
-.056 
-.11: 
-.08: 
+  .02: 
-.03: 
+  .018 


.051 
.022 
.149 
.042 
.240 
.057 
.032 
.026 
.034 
.074 
.156 
.080 
.112 
.0.")0 
.029 


* 

a 

5 

Sp.         M^ 

1 

fJs 

i" 

h      in 

o         /■ 

,, 

II 

,, 

16 

+38   955.... 

4  45.8 

+38  20 

+  .039 

-.02 

2     .045 

17 

;■  Tauri 

46.2 

+  17  22 

Md 

-.093 

-.00 

J     .093 

18 

7'  Lcporis .  .  .  . 

5    0.6 

-22    2 

Md 

-.04: 

-.01 

.041- 

19 

S  Camelop. .  . . 

30.2 

+68  48 

R8 

-.064 

+  .00 

i     .064 

20 

H.  D.  37212.. 

31.7 

-25  48 

Na- 

+  .132 

-.01 

)     .132 

21 

//.  D.  38521 .  . 

41.4 

+44  50 

Pec. 

+  .002 

-.04 

5     .045 

22 

V  AurigiE .  .  .  . 

6  16.5 

+47  45 

Nb 

±.000 

-.21 

.210 

23 

V  Monocer.  .  . 

17.7 

-  2    9 

Md 

+  .00: 

+  .01 

.010 

24 

H.  /).  44653.. 

17.8 

+25    4 

Nb 

+  01: 

-.01 

.014 

25 

RV  Auriga  .  . 

27.6 

+42  34 

Na 

-.02: 

-.02 

.028 

26 

II.  D.  48664.. 

39.4 

+  3  25 

Pec. 

+  .048 

-.02- 

1     .0.54 

27 

//.  D.  .50436.  . 

48.2 

-  4  27 

Nb 

+  .04: 

-.19 

.194 

28 

//.  D.  53917.. 

7    1.7 

-35  47 

Me 

-.002 

-|-.02( 

)     .020 

29 

//.  D.  57160.. 

14.9 

+25  10 

Nb 

+  .0.54 

-.00. 

)     .0.54 

30 

H.  D.  60826.. 

31.3 

+  2  18 

Na 

+  .08: 

-.04 

.089 
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* 

a 

6 

Sp. 

Ms, 

Ms 

M 

31 

H.D  .62164.. 

h      m 

7  37.5 

-10  39 

Me 

+  .02 

1     +.037 

.044 

32 

RU  Puppis  .  . 

8    3.2 

-22  37 

Nb 

+  .05 

7     +.027 

.063 

33 

H.  D.  70138.. 

15.2 

-17  57 

R5 

-.01 

-.03: 

.032 

34 

A'  H  ijdnt  .... 

9  30.7 

-14  15 

M(l 

-.06 

+  .01: 

.061 

35 

RS  Hydra-  .  .  . 

10  46.6 

-28    6 

Md 

+  .07 

-.03: 

.076 

36 

R  Corvi 

12  14.4 

-18  42 

Md 

+  .02 

1     -.032 

.038 

37 

H.  D.  107913. 

18.9 

-35    5 

Mc 

-.06 

-.03: 

.067 

38 

<S  Centauri  .  .  . 

19.2 

-48  53 

R5 

-.07 

+  .03: 

.076 

39 

T  Ursa.  Maj. 

31.8 

+60    2 

Md 

+  .06 

+  .05: 

.078 

40 

RW  Hydra:  .  . 

13.  28.8 

-24  53 

Md 

+  .01 

-.01: 

.014 

41 

R  Can.  Ven. .  . 

44.7 

+40    2 

Md 

+  .05 

L     -.047 

.069 

42 

RS  Virgin. .  .  . 

14  23.3 

+  58 

Md 

+  .03 

+  .03: 

.042 

43 

S  Libra 

15  15.6 

-20    2 

Md 

-.18 

+  .08: 

.197 

44 

H.  D.  137613. 

21.9 

-24  49 

Ro 

+  .00- 

t     -.005 

.006 

45 

RZ  Scorpii .  .  . 

5S.6 

-23  50 

Md 

+  .04 

-.12: 

.126 

46 

RRHtrculis.  . 

16    1  5 

+50  46 

Md 

+  .02c 

5     +.14: 

.143 

47 

U  Hercnlis .  .  . 

21.4 

+  19    7 

Md 

-.16' 

)     -.043 

.174 

48 

ST  Scorpii .  .  . 

30.2 

-31    2 

R5 

+  .04 

-.01: 

.041 

49 

W  Herculia 

31.7 

+37  32 

Md 

-.01 

+.036 

.038 

50 

R  Draconit .  .  . 

32.4 

+66  58 

Md 

-.00( 

)     -.035 

.036 

51 

AX  Scorpii  .  . 

35.6 

-26  55 

Mc 

+  .05 

-.06: 

.078 

52 

S  Htrculis  .  .  . 

47.4 

+  15    7 

Md 

-.04' 

)     -.032 

.059 

53 

RS  Herculis .  . 

17  17.5 

+23    1 

Md 

-.00- 

r     -.045 

.046 

54 

SX  Scorpii .  .  . 

40.8 

-35  40 

Nb 

-.01 

+  .02: 

.022 

55 

H.  D.  166097 

18    4.0 

+  9  26 

R5 

±.00 

-.07: 

.070 

56 

H.  D.  168227. 

13.6 

- 15  39 

R5 

+  .05. 

)     +.033 

.064 

57 

TY  Ophiuchi 

26.4 

+  4  19 

Nb 

+  .32 

-.03: 

.321 

58 

H.  D.  173409. 

40.0 

-31  28 

Ro 

+  .01 

±.00: 

.010 

59 

T  ScuH 

50.0 

-  8  19 

Nb 

-.OU 

)     -.002 

.019 

60 

RW  Scuti.  .  .. 

51.0 

-10  39 

Mc 

-.07 

-.03: 

.076 

61 

H.  D.  175893. 

52.4 

-29  38 

Rl 

+  .04 

-.05: 

.064 

62 

SU  SagiUar.   . 

57.7 

-22  51 

Mc 

-.05' 

1     -.074 

.093 

63 

R  Aquila  .... 

19    1.6 

+  85 

Md 

+.00 

-.068 

.068 

The  mean  proper-motions  of  the  star.s  of  the  differ- 
ent spectral  classes  contained  in  the  two  tables  are: 


Class 

M 

No. 

Wt. 

Md 

0".0455 

121 

95.7 

Mc,  :vid 

.0435 

158 

124.2 

R 

.0299 

34 

24.8 

Pec. 

.0295 

13 

12.0 

N 

.0252 

92 

82.9 

Unknown 

.0350 

18 

15.7 

Comparison  with  the  similar  tabulation  in  my  earlier 
paper'  shows  that  the  increase  in  the  number  and 
weight  of  the  proper-motions  available  has  produced 
a  decrease  in  the  mean  proper-motion  for  each  type 
group. 

Before  considering  the  motions  of  these  stars  it  is 
advisable  to  consider  the  necessities  or  justifications 
for  possible  rejections.  An  examination  of  the  lists 
shows  that  of  the  226  stars  in  Table  I  but  two,  the  two 
brightest   Md   variables,   o  Ceti  and   L«  Puppis,   have 


* 

a 

5 

Sp. 

Ma 

Ms 

M 

64 

U  Draconis  .  . 

h      m 

19    9.9 

+67    7 

Md 

-.06: 

+  .05: 

.078 

65 

W  Aquilce.  .  .  . 

10.0 

-  7  13 

±00: 

-.02: 

.020 

66 

T  SagiUar. .  .  . 

10.5 

-17    9 

Md 

+  .006 

+  .029 

.030 

67 

UW  Sngitlar. . 

40.6 

-18  24 

Na 

+  .003 

+  .020 

.020 

68 

RTCygni.... 

40.8 

+48  32 

Md 

-.004 

+  .029 

.029 

69 

RR  SagiUar.   . 

49.7 

-29  27 

Md 

-.047 

-.019 

.041 

70 

RU  SagiUar.  . 

51.8 

-42    7 

Md 

-.001 

-.120 

.120 

71 

-27°  14534    . 

20    0.8 

-27  31 

Mc 

+.027 

-.016 

.029 

72 

A  Y  Cygni  .  .  . 

6.3 

+41  12 

-.078 

±.000 

.078 

73 

SVCygni.  ... 

6.5 

+47  35 

Nb 

-.056 

-.002 

.056 

74 

-16°  5558..  . 

13.3 

-16  10 

Mc 

+  .046 

+.019 

.050 

75 

S  Delphini .  .  . 

38.5 

+  16  44 

Mc 

-.03: 

-.01: 

.032 

76 

T  Aquarii  .  .  . 

44.7 

-  5  31 

Md 

-.010 

-.031 

.033 

77 

SIndi 

49.0 

-54  42 

Md 

+  .01: 

-.05: 

.051 

78 

RU  Cygni  .  .  . 

21  37.3 

+53  52 

Mc 

-.027 

-.002 

.030 

79 

V  Pegasi  .... 

56.0 

+  5  38 

Md 

-.001 

-.066 

.066 

80 

S  Pise.  A  us.  . 

58.0 

-28  32 

Md 

+  .013 

-.023 

.026 

81 

T  Pegasi 

22    4.0 

+  12    3 

Md 

+  .01: 

-.04: 

.041 

82 

R  Pise.  Aus.  . 

12.3 

-30    6 

Md 

+  .008 

-.002 

.008 

83 

-8°5858   .... 

16.5 

-  8    7 

Md? 

-.003 

-.036 

.036 

84 

S  Aquarii .... 

51.8 

-20  53 

Md 

-.052 

-.036 

.063 

85 

Y  Scidploris .  . 

23    3.7 

-30  40 

Mc 

±.000 

-.022 

.022 

86 

Z  Androm. .  .  . 

28.8 

+48  16 

Md? 

+.087 

-.043 

.097 

87 

Z  Aquarii.  .  .  . 

47.1 

-16  25 

Md 

-.006 

+  .043 

.043 

88 

RS  Andro7n.   . 

50.3 

+48    5 

Mc 

+  .011 

-.019 

.022 

89 

W  Ceti 

57.0 

-15  14 

Md 

+  .04: 

-.03: 

.050 

NOTES 

14  and  60.     Spocti-um  classified,  S,  by  Merrill. 
29  and  67.     Projier-motions  by  Norlund.'* 


total  proper-motions  exceeding  20"  per  century.  The 
three  abnormal  proper-motions  in  Table  II  are  definite- 
ly unreliable.  It  has  been  the  custom  here  to  treat 
separateh'  the  stars  with  motions  greater  than  or 
less  than  20"  per  century.  Wherefore,  we  feel  justi- 
fied in  rejecting  from  the  solution  for  solar  and  stellar 
motions  the  five  stars  with  proper-motions  exceeding 
this  amount,  leaving  310  stars  to  be  considered. 

THE   CLASS   Md   STARS 

In  all  respects,  save  in  the  absence  of  bright  lines 
and  minor  differences  in  their  absorption  spectra,  the 
37  Class  Mc  stars  listed  in  the  tables  are  similar  to 
those  of  Class  Md.  They  were  included  because  they 
are  all  variables  and  their  motions  are  comparable 
with  those  of  the  Md  stars. 

Solutions  for  the  coordinates  of  the  solar  motion 
referred  to  these  stars  give  the  following  values: 

^Puhlikalinner  og  mindre  Medde'e'ser  frn  Knpenhivns  Observa- 
tnrium,  No.  9,  1912. 
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.4 

D 

M 

No. 

Class 

276°.9 

+34°.0 

0".0204 

119 

.Md 

276  .7 

+  42  .3 

.0202 

156 

Me.  Md 

These  values  are  in  notahle  aceord  wiili  the  co- 
ordinates. .1  =  274°;  D  =  +44°,  derived  by  Merrill'' 
from  the  radial  velocities  of  83  Md  stars.  As  Mer- 
rill's velocities  depend  upon  the  bright  lines,  which 
give  results  somewhat  different  systematically  from 
the  absorption  lines,  his  solar  speed  may  not  bo  directly 
comparable  with  the  values  of  the  parallactic  motion 
given  above.  If  his  value,  —.56  km.  per  second,  does 
represent  the  true  solar  speed  derived  from  these  stars, 
their  mean  parallax  must  be  about  -Wm  —  0". 00171. 
If,  on  the  other  hand,  we  use  the  velocity  derived  by 
the  writer  from  Merrill'.s  observations  of  43  stars  at 
Ann  Arbor"  reduced  to  a  dark-line  basis,  Y  =  —36.5 
km.  per  second,  ■Wm  =  0". 00262.  The  mean  of  the 
two  values  is  probably  a  closer  approximation  to  the 
truth  than  either  one;  hence  we  adopt  as  tiie  mean 
parallax  of  the  Mc,  Md  stars  of  this  list:  -k^  — 
0" .0022.  The  moan  apparent  magnitude  of  the  stars 
is  7.4:  the  mean  absolute  magnitude  is,  therefore, 
approximately  —0.9.  At  a  distance  of  one  Siriometer 
this  magnitude  would  become  —2.5,  in  agreement 
with  the  value  —2.2  found  by  Gyllenberg'  for  stars 
of  this  type.  There  can  be  little  doubt  that  prac- 
tically all  of  the  stars  of  these  types  listed  in  Tables  I 
and  II  are  giants. 

Solutions  for  the  preferential  motion  of  these  stars 
give  the  following  directions  of  and  mean  square 
motions  along  the  axes  of  the  velocity  ellipsoid.  The 
unit  of  motion  is  seconds  of  arc  per  century. 


119  Md  St.^rs 

A, 

94M 

D,     +12°.3 

X, 

16' 

.02 

A, 

351  .0 

D;     +46  .3 

X-: 

7 

.ss 

A, 

194  .8 

D,     +41  .0 

X.i 

6 

.40 

156  Mc,   Md  St.\rs 

A, 

96°.  1 

D,     +15°.9 

X, 

16' 

..58 

A, 

350  .1 

Do     +43  .8 

X, 

7 

.72 

A3 

200  .8 

Ds     +41  .6 

X,-, 

5 

.58 

Comparison  with   Raymond's  values"  of  the  velocity 
figure  determined  from  all  the  stars  of  the  Preliminary 


^Carnegie  I ».stilulio7i  of  Waxhinglon,  Year  Book,  No.  20,  p.  269, 
1922. 

^Publications  of  the  Detroit  Observatory,  2,  62,  1016. 

^ Meddelanden  fran  Lunds  Aatronomiska  Observalorium,  Series  1, 
No.  99,  1922. 


General  VataUnj  shows  that  tlic  velocity  figmc  of  the 
Mc,  Md  stars  agrees  closely,  not  only  with  that  of  the 
M  stars,  ])ut  also  with  the  figure  derived  from  5384 
stars  of  all  types  with  proper-motions  less  than  20" 
per  century.  It  is  evident,  therefore,  that  the  Mc, 
Md  stars  follow  the  general  tendencj^  of  the  stars  of 
the  more  common  spectral  types  in  preferential  motion 
towards  Kapteyn's  vertex,  the  velocity  ellipsoid  being 
flattened  toward  the  plane  of  the  Milky  W&y. 


THI-:    CLASS    N    STARS 

Before  attempting  any  solution  for  the  motions  of 
the  stars  of  this  class,  it  was  quite  evident  that  the 
results  must  be  seriously  influenccHl.  if  not  totally 
invalidated,  by  the  peculiar  distribution  of  the  stars 
whose  proper-motions  have  been  determined.  The 
number  of  stars  in  each  two-hours  of  right-ascension, 
together  with  the  mean  declination,  is  given  below. 


R.A. 

No. 

Dec. 

R.A. 

No. 

Dec. 

1-  2 

4 

+  10 

13-14 

0 

3-  4 

9 

+  26 

1.5-16 

3 

-14 

5-  6 

20 

+  17 

17-18 

12 

-   8 

7-  8 

8 

+   2 

19-20 

13 

+  20 

9-10 

7 

-12 

21-22 

6 

+27 

1-12 

4 

+  38 

23-  0 

() 

+  40 

If  we  were  dealing  with  radial  velocities  such  a  dis- 
tribution would  be  exceptionally  favorable  for  deter- 
mining the  solar  motion.  It  is  casj-  to  see  that  when 
proper-motions  are  under  consideration  this  distribu- 
tion is  most  unfavorable  as  the  great  majority  of  the 
motions  are  across  the  line  which  it  is  proposed  to 
determine.  If  we  had  two  groups  of  stars  lying  near 
the  equator,  one  at  R.  A.  6*",  and  the  other  at  R.  A. 
IS*",  the  right-ascension  of  the  solar  ap(>x  determined 
from  the  proper-motions  should  lie  approximately 
half  way  between;  that  is,  somewhere  on  the  hour- 
cir('les  thru  0  and  12  hours;  while  the  declination  would 
be  indeterminate.  With  similar  right-ascension  and 
uniform  distribution  from  pole  to  pole,  the  declination 
of  the  apex  would  become  less  uncertain  but  the  right- 
ascension  would  still  be  indeterminate.  The  situation 
with  which  we  are  confronted  is  somewhat  similar, 
45  out  of  the  90  stars  under  consideration  being  con- 
centrated in  the  two  right-ascension  groups  at  5-6 
hours  and  17-20  hours.  It  is  further  complicated  by 
the   minuteness  of  the   propcv-motioiis   with   whicli   we 

^ Aslronomicid  Journal,  30,  197,  1917. 
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have  to  doal  and  the  consequent  possible  effects  of 
systematic  errors.  To  these  causes  may  be  ascribed 
the  differences  between  the  directions  of  solar  motion 
derived  by  various  investigators' '  '".  The  right- 
ascensions  of  the  solar  apex  is  essentially  indeterminate. 
Four  solutions  for  the  solar  motion,  based  on  the 
data  in  Tables  I  and  II,  have  been  made,  with  the  fol- 
lowing results: 


A 


D 


No. 


340°  -F35°  92 

331  -1-38  92 

345  +37  92 

353  +2()  90 

342°  -1-34° 


Method 

Bravais 

Airy 

Charlier,  reduced  motions 

Bravais,  pm.'s  <20" 

Mean 


The  declination  of  the  apex  comes  out  unexpectedly 
near  to  the  true  position  and  is  probably  not  far  from 
what  we  should  get  were  the  distribution  uniform. 
The  right-ascension,  as  was  expected,  comes  out  70°  ± 
from  the  true  position  and  but  20°  =t  from  the  plane  at 
right-angles  to  the  direction  of  solar  motion.  The 
parallactic  motion  derived  from  the  solutions  is  M  = 
0".0052.  Altho  all  the  values  are  decidedlj'  uncertain, 
a  comparison  is  made  with  the  solar  speed  determined 
by  Moore'"  from  the  radial  velocity  observations  of 
25  N-type  stars,  T'  =  —17.2  km.  per  second.  The 
resulting  parallax  of  the  group  of  92  N  stars  is, 

Tm    =    0".00]4. 

As  the  mean  apparent  magnitude  of  the  stars  is  7.9, 
the  mean  absolute  magnitude  is  approximately  —1.4. 
From  23  of  the  brighter  stars  of  the  group  Moore 
gets  —1.5;  Laplau-Jansen  and  HAARH^  using  Nor- 
lund's''  proper-motions,  get  —1.3;  while  Kapteyn", 
with  the  same  data  and  assuming  the  apex  at  R.  A. 
270°  and  Dec.  -|-30°,  gets  -2.6.  The  agreement 
among  the  first  three  values  is  most  striking.  All  the 
investigators  agree  in  a,ssigning  to  the  Class  N  stars  a 
mean  absolute  magnitude  greater  than  that  of  the 
Class  B  stars. 

The  points  which  we  have  already  presented  with 
regard  to  the  effect  of  the  distribution  of  this  group  of 
stars  on  the  solar  motion  apply  with  equal  force  when 
we  come  to  consider  the  preferential  stellar  motions. 
Inasmuch  as  the  maxima  in  the  number  of  stars  lie 
nearlj"  at  the  opposite  ends  of  the  axis  of  preferential 

^Astronomische  Nachrichten,  218,  388,  1921. 
'"Licfc  Observatory  Bulletin,  10,  167,  1922. 
^\iHtro physical  Journal,  32,  91,  1910. 


motion,  it  must  be  obvious,  a  priori,  that  this  axis  will 
become  the  apparent  axis  of  avoidance.  The  interest- 
ing question  to  be  considered  is,  which  of  the  other 
axis  of  the  velocity  ellipsoid  will  be  the  greater,  that 
directed  toward  the  pole  of  the  Milky  Way  or  the  one 
in  the  Galaxy,  ordinaril.y  termed  the  intermediate  axis. 
The  solution  for  preferential  motion  gives  the  follow- 
ing results: 


Ai  7°. 7 
Ao  123  .5 
A3     275  .5 


D,  +  7°.8 
D.>  -1-73  .1 
D3     +14.9 


X,  6".95 
X2  4  .24 
X:,      2   .00 


While,  as  was  expected,  the  apparent  axes  of  the 
velocity  ellipsoid  make  a  considerable  angle  with  what 
we  consider  to  be  the  true  directions  of  these  axes, 
nevertheless  it  is  clear  (L)  that  the  direction  of  prefer- 
ential motion  has  become  the  apparent  direction  of 
avoidance  and  (2)  that  the  pole  of  the  Milky  Way  has 
become  the  apparent  vertex  of  preferential  motion. 
The  writer  is  inclined  to  believe  that  this  is  largely 
due  to  distribution,  altho  an  examination  of  the 
proper-motions  in  hourly  groups  shows  that  there  is  a 
possibility  that  the  Class  N  stars,  as  a  group,  may  be 
moving  at  right  angles  to  the  plane  of  the  Milky  Way. 
More  proper-motions  of  stars  situated  in  R.  A.'s  21'* 
to  3'»  and  9''  to  15''  are  needed  before  this  question 
can  be  settled;  but  it  is  quite  obvious  that  no  con- 
siderable number  of  stars  of  this  type  should  be  com- 
bined with  stars  of  other  types  in  determinations  of 
either  solar  or  stellar  motions.  In  the  solution  for 
the  preferential  motions  of  the  151  red  stars  by  the 
writer',  46  N  stars  were  included,  their  weight  being 
about  a  third  the  total  weight  of  the  stars  used.  The 
result  was  an  apparent  reversal  of  the  minor  axis  of 
the  velocity  ellipsoid,  the  true  intermediate  axis  being 
foreshortened  and  the  axis  of  avoidance  lengthened  by 
the  apparent  peculiar  motions  of  the  N  stars.  When 
these  stars  are  dropped  from  the  solutions,  the  velocity 
figure  of  the  remaining  red  stars  approximates  very 
closely  that  obtained  from  the  stars  of  the  other 
spectral  types. 


THE   CLASS   R   STARS 

The  number  of  proper-motions  available  for  the 
stars  of  this  class  makes  anj'  determination  of  solar  or 
stellar  motion  uncertain.  In  view  of  the  peculiarities 
found  in  the  distribution  and  resultant  motions  of 
the  Class  N  stars,  however,  it  was  deemed  advisable  to 
carry  thru  a  solution  for  those  of  (^lass  R  to  determine 
whether  or  not  they  might  be  properly  included  in  a 
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combined  solution  for  the   romainina;  red  stars, 
results  for  solar  and  stellar  niolion  follow: 


The 


A  2()fl^() 

Ai  114.5 

Aj  39  .4 

A3  200  .4 


D  +44°.0 

D,  -   7  .9 

D.  +(U  .3 

n,  +27  .4 


M       0".0088 

X,  14". 93 
X.  6  .87 
X3       3  .77 


Considering  the  small  number  of  stars  the  agreement 
of  these  results  with  those  derived  from  the  other 
stars  is  satisfactory  and  we  may  be  reasonably  certain 
that  in  their  motions  the  stars  of  this  class  follow  the 
tendencies  of  the  stars  in  general.  Radial  velocities 
of  28  of  these  stars  have  been  determined  by  Sanford'' 
at  Mt.  Wilson  but,  as  they  have  not  yet  been  pub- 
lished, no  estimations  of  mean  parallax  or  mean 
absolute  magnitude  can  be  made. 

THE   COMBINED   SOLUTIONS 

Neglecting  the  Class  N  stars  for  the  reasons  given 
above,  solutions  were  made  for  the  coordinates  of 
solar  and  stellar  motion  based  upon  the  219  remaining 
stars  listed  in  Tables  I  and  II  with  proper-motions 
less  than  20"  per  century. 

A  273°.o  D  +38°.0  Al     0".0165 

A,  98  .0  D,  +11  .9  X,  14   .33 

A;  352  .4  Do  +53  .3  X-,      7   .69 

A,  195  .7  D3  +34  .2  X,      5  ..57 

The  results  are  in  good  agreement  with  those  derived 
by    Raymond'  from    proper-motions   of   223   stars   of 


Class  M  and  from  5384  stars  of  all  classes  wnth  proper- 
motions  less  than  20"  per  centvu-y.  These  solutions 
are,  of  course,  based  largely  upon  the  motions  of  the 
stars  of  Classes  Mc,  Md  and  R  and  no  conclusions 
may  be  reached  with  regard  to  the  motions  of  the 
few  stars  with  peculiar  or  unknown  spectra.  Their 
inclusion,  in  the  final  solution,  however,  jiroduces  no 
apparent  change  in  the  velocity  figure,  so  that  it  is 
probable  that  their  motions  in  the  mean  do  not  differ 
radically  from  those  of  the  other  red  stars. 


CONCLUSIONS 

1.  Essentially  all  of  the  315  stars  whose  pi-ojier- 
motions  are  presented  in  this  paper  are  giants  and 
are  extremely  distant. 

2.  The  stars  of  Class  N  present  in  their  motions 
peculiarities  which  may  in  part  be  real  but  wliich  are 
shown  to  be  due  in  part,  at  least,  to  their  peniliar 
distribution  on  the  sky. 

3.  The  direction  of  the  solar  motion  indicated  by 
th(>  remaining  red  stars  agrees  closely  with  that  derived 
from  the  proper-motions  of  the  stars  of  other  types. 

4.  These  stars  follow  in  their  motions  the  tenden- 
cies of  the  stars  of  other  types  in  preferential  motion 
toward  Kapteyn's  vertex,  the  velocity  ellipsoid  being 
flattened  toward  the  plane  of  the  Milky  Way. 


Dudley  Observatory, 
Oct.  6,  1922. 


MICROMETER   OBSERVATION   OF   BAADE'S  COMET 

Bv  L.  J.  COMRIE 


The  following  micrometer  observation  of  Haade's 
comet  was  made  with  the  24-inch  refractor  of  the 
Sproul  Observatory  of  Swarthmore  College.  The 
comet  was  faint,  and  th(>  moonlight  strong,  so  that  the 
measures  were  difficult. 

Date  1922  October  27''.572     G.  M.  T. 

Comet  —  Star  +  17M      -  2'  48" 

Correction  for  parallax   +0'.40/A     +1".9/A. 


The  star  was  B.  D.  35°  3970  or  Or:  398;  it  was  not 
seen  cloul)le.  The  position  of  the  star  for  1922.0  de- 
rived from  the  catalogues  of  Weisse-Bessel,  Quctelet, 
Romberg  and  the  A.  (!.  (Liind)  is 

a  =  20''  4'"  17M)     5  =  35°  29'  31". 

On  the  following  night  the  comet  was  so  faint  and 
moonlight  so  strong  that  micrometer  ()l>ser\'ations 
were  impossible^. 
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ZENITH   TELESCOPE   LATITUDES, 

By  R.  H.  tucker. 


In  the  results  of  observations  with  the  zenith  tele- 
scope the  bisection  errors  are  eliminated,  with  the  per- 
missable  assumption  that  thej'  are  the  same  for  equal 
distances  north  and  south  of  the  zenith  point.  Flexure 
errors,  which  should  be  very  small,  are  also  eliminated, 
and  errors  of  the  adopted  refractions  must  closely 
balance.  There  should  be  but  slight  if  any  sj'stematic 
errors,  and  the  accidental  errors  of  observation  are 
those  due  to  pointing  on  the  star  and  the  reading  of 
the  level. 

The  absolute  latitude  of  a  station  from  a  single  set 
of  observations,  made  in  one  season  of  the  j'ear,  can 
not  be  more  precise  than  the  declinations  of  the  stars 
of  the  observing  list.  If  the  observations  are  con- 
tinued through  an  entire  year,  it  is  possible  to  diminish 
the  effect  of  the  periodic  term  in  errors  of  declination 
which  depends  on  right  ascension.  Since  the  errors 
of  the  observations  are  included  in  this  adjustment, 
the  adjustment  will  not  give  i')erfect  elimination  of  this 
periodic  error  of  declination.  The  systematic  error 
of  declination  which  depends  on  the  distance  of  a  star 
from  the  celestial  equator  can  not  be  effectually  dimin- 
ished by  any  subsequent  treatment  of  these  observa- 
tions. 

When  the  same  list  of  stars  is  observed  at  one  or  more 
stations,  during  several  years,  the  mean  yearh^  results 
are  not  affected  bj'  the  periodic  errors  in  the  adopted 
declinations.  The  proper  motions  are  of  prime  im- 
portance, however,  in  drawing  any  conclusions  in  regard 
to  relatively  small  changes  in  the  position  of  a  station 
on  the  surface  of  the  earth,  from  astronomical  obser- 
vations. 

A  progressive  change  in  the  observed  latitudes,  such 
as  has  been  recognized  for  the  past  twenty  years  in  the 
results  of  the  International  zenith  telescope  stations, 
many  have  one  of  three  general  explanations.  It  ma\ 
be  due  to  chages  of  position  on  the  surface  of  the  earth. 

It  may  be  due  to  changes  in  the  deviation  of  the 
pole  of  the  earth,  other  than  those  deviations  that 
are  represented  by  the  periodic  revolution. 


It  may  be  due  to  a  progressive  change  in  the  results 
of  the  zenith  telescope  observations. 

A  movement  of  the  centre  of  gravity  of  the  earth 
along  the  axis,  which  might  be  considered  as  a  phase 
of  the  second  explanation,  is  an  hypothesis  that  has 
never  been  much  favored.  A  progressive  change  in 
the  deviation  of  the  pole  of  rotation  with  respect  to  the 
pole  of  figure  M-ould  appear  as  progressive  changes  in 
yearly  values  of  latitude  at  the  different  stations,  the 
changes  would  differ  for  the  separate  stations,  and  the 
coefficients  of  the  periodic  revolution  of  the  pole  would 
change  from  year  to  year  at  any  fixed  meridian. 

As  regards  the  third  explanation  there  appears  to 
be  no  source  of  instrumental  error  that  could  possibly 
account  for  similar  results  at  so  many  stations.  And 
the  same  conclusion  must  be  reached  for  errors  of 
observation,  including  those  due  to  refraction.  These 
are  mainly  accidental,  and  progressive  changes  can  not 
be  reasonably  thus  accounted  for. 

A  systematic  correction  to  the  mean  proper  motion 
adopted  for  the  stars  of  the  zenith  telescope  list  would 
represent  the  mean  progressive  change  of  latitudes, 
leaving  the  deviations  from  the  mean  rate  of  change 
to    be   accounted    for   by    the   errors   of   observations. 

The  computed  proper  motions  adopted  for  the  list 
of  192  stars  for  the  northern  stations,  of  mean  declina- 
tion -|-39°,  have  the  following  periodic  character. 

m5  =   -0".012  -0".011  sin  a 

This  corresponds  to  a  parallactic  effect  of  the  solar 
motion  of  0".046,  for  these  stars  of  fifth  to  seventh 
magnitudes. 

The  Kimura  or  z  term  has  been  introduced  in  the 
computed  variation  of  latitude  to  account  for  the 
mean  progressive  change  in  the  results  from  all  the 
stations.  The  computed  .yearly  value  was  small  for 
the  first  few  years  following  the  announcement  of  its 
detection   in    1902,    the   yearly    value    has   since    been 
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iiu-i-pasing,  and  it  is  now  close  to  0".l.  The  term  is 
periodic,  with  a  period  of  one  year  as  determined  here 
from  tlie  tabulation  of  monthly  values.  The  uncertain- 
ty in  the  length  of  the  period  is  slightl.y  more  than  one 
day,  for  the  computed  value.  The  periodicity  is  anala- 
gous  to  that  resulting  from  the  treatment  of  the  proper 
motions  of  a  zone  of  stars.  If  the  effect  is  distributed 
evenly  over  the  interval  of  twenty  years  in  which  it 
has  been  augmenting,  the  average  increase  would  be 
0".005  per  year,  with  a  periodic  cosine  term  that 
appears    to    have    the   same   size    throughout. 

Attributing  the  effect  to  proper  motions,  these  would 
be  increased  in  the  mean  to  —  0".O17,  and  the  corrcs- 
spondiiig  parallactic  motion  would  be  0".06. 

The  proper  motions  were  undoubtedly  computed 
with  as  much  precision  as  the  material  permitted. 
Those  of  our  various  standard  star  systems  show  how 
large  a  divergence  exists  between  the  results  reached  by 
two  authorities,  for  the  best  determined  stars.  The 
original  system  of  Auwers  differs  in  mean  proper 
motion  from  his  new  system  by  0".009,  between  the 
equator  and  +40°*.  Between  the  new  system  of 
AuwER.s  and  Boss  N.B.S.  the  difference  is  0".005. 
Between  Boss  N.B.S.  and  P.G.C.  the  difference  is 
0".003.  The  proper  motions  of  Auwers  and  New- 
comb  have  no  sensible  systematic  difference. 

The  declinations  of  the  zenith  telescope  stars,  if  the 
original  observations  were  of  high  quality,  would 
reproduce  the  systematic  errors  of  the  standard  stars 
with  which  they  were  reduced.  If  some  of  the  original 
observations  were  of  inferior  quality,  additional  errors 
would  lie  introduced.  The  computed  jjroper  motions 
are  subject  to  these  imperfections. 

As  the  continued  use  of  this  list  of  stars  has  permit- 
ted an  improvement  in  the  declinations,  through  the 
correction  of  the  periodic  term  depending  on  right 
ascension,  such  precise  differential  work  ma.v  also  give 
us  a  systematic  correction  to  the  adopted  proper 
motions,  that  will  improve  the  original  values  from 
meridian  circle  observations. 

The  corrected  results  may  possibly  be  nearer  the  real 
figures  than  the  proper  motions  of  some  of  the  stars  of 
the  list  in  Boss  P.G.C.".,  as  compiled  bj^  Dr.  Scheslin- 
GER.f  The  proper-motions  of  this  catalogue  may  be 
as  good  as  we  have,  but  they  are  based  on  absolute 
declinations  observed  with  the  meridian  circle,  and 
they  may  be  susceptible  of  improvement  l)y  refined 
differential  tests. 

A  simple  device  was  employed  here  more  than  a  year 
ago  to  test  the  progressive  changes  in  the  zenith  tele- 
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scope  results.  These  are  published  in  monthly  means 
for  each  station.  The  combination  of  fourteen  con.sec- 
utive  values  practicalh'  eliminates  the  corrections  for 
the  fourteen  month  term.  Beginning  each  combina- 
tion at  the  commencement  of  a  calendar  year,  the  mean 
of  each  includes  an  uncorrected  residual  for  two  months 
of  the  annual  term.  This  residual  is  the  same  for  all 
the  combinations,  and  does  not  influence  the  compu- 
tation of  changes.  The  consecutive  means  overlap  liy 
two  months  —  a  slight  advantage  —  and  the  computed 
means  all  differ  from  tiic  true  iioi'mnl  latitudes  by  a 
nearl}^  constant  amount. 

The  method  eliminates  the  effects  of  latitude  varia- 
tion, in  place  of  correcting  the  original  values  with  the 
computed  ^p  —  <pa-  No  assumption  needs  to  be  made 
as  to  the  respective  normal  latitudes  of  the  stations,  nor 
do  we  need  to  assume  that  the  coefficients  of  the  periodic 
revolutions  of  the  pole  are  constant  from  year  to  year. 
The  computed  values  of  the  x  and  xj  coordinates  for  the 
meridian  of  Greenwich  have  always  been  found  to  differ, 
when  the  results  from  two  or  four  stations,  suitably 
situated,  are  contrasted  with  the  mean  results  from  all 
six  stations.  This  difference  should  fairly  be  ascribed 
to  the  errors  of  observation.  There  has  been  a  ten- 
dency to  connect  such  divergences  with  pecularities  in 
the  latitude  variation  at  individual  stations.  Our 
method  eliminates  the  corrections,  and  no  assumption 
is  required  in  favor  of  either  explanation. 

The  onlj'  factor  that  is  assumed  to  be  constant  is  the 
length  of  the  fourteen  month  period.  My  value  from 
all  the  zenith  telescope  data  since  1890  is  435  days. 
The  period  derived  by  Chandler,  from  the  bulk  of 
his  discussion  of  earlier  observations  of  all  character, 
was  429  daj's.  His  last  published  period,  from  a 
limited  number  of  sets  of  zenith  telescope  observations, 
about  the  epoch  1894,  was  424  days.  Recent  very 
precise  discussions  of  the  International  sets,  following 
1900,  place  the  period  between  432  and  433  days.  Our 
method  virtually  uses  the  period  of  426  days,  but  only  a 
very  small  residual  error  is  thus  left  in  the  means. 

The  following  progressive  changes  have  been  thus 
computed  from  the  detailed  results,  combined  in  four- 
teen consecutive  values. 


Station 


Long.        Interval         Rate       Yearly  v 


Oaithersburg       77°  \V  1902  to  1913  +0".0049  ±0.018 


Cincinnati  84   W 

Ukiah  123    W 

Mizusawa  141    E 

Tschardjui  03    E 
Carloforte  8    E 

Mean  (G)  (14  years) 


2  to      14   -t-0  .0052         040 
2  to      20+0   .0043  027 

2  to       16    -0   .0006  013 

2  to       13   +0  .0116  027 

2  to       1()   +0   .0026  012 

+  0  .0047  ±0.023 


Average  r(>sidual  jjcr  station 


=0   .0026 
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The  change  in  the  declination  system,  0".03  in  1910, 
has  been  allowed  for  in  computing  the  yearly  rates. 
Also  a  change  in  the  location  of  the  instrument  at 
Tschardjui,  0".25  at  the  same  epoch,  has  been  deducted. 
The  yearly  residual  v  has  been  computed  with  the 
individual  rate  for  each  station. 

There  appears  to  be  no  legitimate  reason  for  reject- 
ing the  results  from  any  of  the  stations.  Without  the 
Turkestan  station  the  mean  rate  would  be  +0".0033, 
and  the  average  station  residual  would  be  ±0".0018. 
The  yearly  residuals  for  this  station  are  close  to  the 
average.  Cincinnati  was  a  volunteer  adjunct  to  the 
international  scheme,  and  a  smaller  instrument  was  in 
use  there,  which  may  account  for  its  larger  accidental 
errors. 

There  is  no  evidence,  in  the  results,  of  disturbances 
due  to  earthquakes.  Carloforte,  in  Sardinia,  and 
Mizusawa,  in  Japan,  are  in  active  areas.  In  Japan 
five  hundred  tremors  of  sensible  character  have  been 
recorded  in  twenty  years.  Logically  it  would  appear 
to  have  been  unsuited  for  observations  of  latitude 
variation,  as  distinguished  from  changes  of  latitude. 
Actually  its  yearly  residuals,  and  those  of  Carloforte 
are  the  smallest  of  the  six  stations.  Californians  are 
sensitive  on  this  subject,  and  Ukiah  may  be  left  on  the 
border  line.  The  remaining  three  are  fairly  free  from 
tremors. 

If  Ukiah  is  considered  apart  from  the  otheis,  of 
course  there  is  a  progressive  change  that  requires  an 
explanation.  If  it  is  contrasted  with  Mizusawa  and 
Carloforte  only,  as  may  be  done  from  the  diagrams 
pubHshed  by  Sir  F.  W.  Dyson,*  the  rate  differs  from 
the  mean  of  those  two  stations  by  O".O03  per  year. 
The  diagrams  do  not  represent  the  variation  of  latitude, 
but  only  the  fourteen  month  oscillation.  The  incre- 
ment of  progressive  change  is  however  included. 
The  remaining  three  stations  were  not  illustrated,  as 
the    author    stated,    for    economy    of    space. 

The  station  at  Ukiah  has  actually  a  rate  very  close  to 
the  mean  rate  of  all  six,  and  the  three  in  this  countrj' 
are  in  noticeably  close  agreement.  The  combinations 
for  Ukiah  are  here  given  in  detail. 
The  values  of  observed  (p  have  been  comioared  with  those 
computed  with  the  rate  -|-0".0043,  in  column  0 — C. 
The  increase  in  precision  is  not  large,  since  the  average 
is  6/7  of  the  average  residual  without  rate.f  The 
computed  probable  error  of  the  rate  from  any  one  of  the 
stations  would  be   ±0".002,  and  that  of   the  mean  of 

*Mon.   Not.  R.  A.  S.,  Vol.  78,  p.  4.52,   1918. 

fThe  increase  is  about  as  large  as  should  be  expected  from  the 
apphcation  of  an  average  correction,  ±0".021,  to  an  average  error 
±0".032. 


Epoch 

<p 

Comp. 

0- 

-c 

1902.6 

12".079 

12".  107 

-0' 

'.028 

3.6 

122 

111 

+ 

Oil 

4.6 

124 

115 

+ 

009 

5.6 

111 

120 

- 

009 

6.6 

111 

124 

- 

013 

7.6 

114 

128 

- 

014 

8.6 

089 

132 

- 

043 

9.6 

155 

136 

+ 

019 

10.6 

157 

140 

+ 

017 

11.6 

156 

144 

+ 

012 

12.6 

138 

148 

- 

010 

13.6 

135 

152 

- 

017 

14.6 

186 

156 

+ 

030 

15.6 

239 

160 

+ 

079 

16.6 

210 

165 

+ 

045 

19.6 

156 

178 

- 

022 

20.6 

104 

182 

- 

078 

Mean  (17)  (12.140) 

Average  v  ±0.032  Average  O  —  C  ±0.027 

all  six  would  be  ±0".0008.     This  rate  is  the  z  term  of 
the  Inlernational  Bureau  of  Latitude. 

The  observed  tp  may  be  scrutinized  for  evidence  of 
disturbances  from  the  earthquakes  of  1903.6,  1906.3 
and  1911.5.  This  can  perhaps  be  done  as  effectively 
in  the  detailed  monthly  results  of  those  years.  The 
observed  values  have  been  corrected  for  <p  —  (po,  in 
the  following  table,  with  the  computed  values  for  this 
longitude  from  all  .six  stations  at  the  same  epochs. 


Epoch 

fo 

Epoch 

'Po 

Epoch 

>Po 

1903.03 

12".07 

1906.05 

12".06 

1911.02 

12".  16 

11 

OS 

10 

09 

12 

17 

19 

05 

18 

11 

19 

15 

26 

04 

26 

11 

25 

15 

33 

06 

32 

09 

32 

12 

40 

04 

40 

05 

39 

10 

48 

06 

48 

10 

48 

11 

56 

04 

56 

08 

57 

12 

67 

02 

67 

05 

67 

11 

78 

04 

78 

03 

80 

10 

90 

06 

89 

09 

89 

13 

97 

OS 

97 

07 

96 

12 

Mean  (1 

2)  12.05 

12.08 

12.13 

Av.  V 

±  0.02 

±  0.02 

=t  0.02 

The  values  for  1911  require  a  correction  of  —  0".03, 
to  reduce  them  to  the  declination  system  of  1903  and 
1906.  The  average  error  for  a  month,  0".02,  is  smaller 
than  the  average  error  per  year,  in  which   the  latitude 
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variation  had  been  eliminated.  This  discordance, 
wliich  is  of  much  significance,  is  due  to  the  fact  that  the 
computed  corrections  for  ip  —  ipa  in  any  .year  include 
the  effect  of  the  errors  of  observation  of  that  year. 
When  the  corrections  thus  derived  arc  applied  to  the 
observations  of  the  same  year,  a  closer  agreement  is 
naturally  obtained  than  would  be  found  if  more  precise 
and  independent  corrections  for  ip  —  (pa  had  been 
used.  The  closer  agreement  of  the  monthly  values 
is  partly  fictitious. 

There  may  be  a  question  whether  if  —  >fa  derived 
from  an  interval  of  twenty  or  thirty  years  —  depend- 
ing upon  whether  the  material  between  1890  and  1900 
is  used  —  is  more  precise  than  v'  —  <po  from  the  results 
of  one  year.  If  the  coefficients  of  the  rotation  of  the 
pole  are  constant,  the  longest  interval  gives  the  closest 
approximation  to  the  true  values  oi  >f>  —  (po-  If  the 
coefficients  are  variable,  the  yearly  values  are  better. 
The  special  method  used  in  deriving  the  mean  yearly 
values  above  requires  no  assumption  to  be  made 
regarding  this  question  of  invariability.  The  values  of 
progressive  change  in  the  observed  latitudes  differ  for 
the  separate  stations,  as  should  be  anticipated  with 
the  admitted  lack  of  jierfection  in  astronomical  obser- 
vations. 

It  does  not  appear  to  be  necessary  to  account  for  the 
change  by  a  shifting  of  the  pole  of  rotation  with  respect 
to  some  fixed  meridian,  and  it  would  be  necessary  to 
reject  the  resuts  of  one  or  more  stations  to  do  so  satis- 
factorily. The  complete  material  is  none  too  exten- 
sive for  all  purposes,  in  this  delicate  jjroblem,  and  the 
distribution  of  the  stations  is  a  prime  rcciuisite  for  its 
full  solution. 

If  one  explanation  suffices,  there  is  no  need  to  divide 
upon  two.  Still  less  do  we  need  to  divide  upon  three, 
including  a  shift  of  position  on  the  surface  of  the  earth. 
There  are  sensible  errors  of  observation  in  each  result. 


and  as  long  as  differences  do  not  exceed  the  limits  of 
probable  error  it  would  require  a  special  faculty  of 
prescience  to  divide  anj'  particular  difference  into 
parts  corresponding  to  error  of  observation,  and  to 
change  of  position. 

The  earthquake  of  1906  gave  us  the  only  direct  illus- 
tration of  an  actual  shift  of  position  on  the  crust  of  the 
earth,  in  modern  times,  as  far  as  I  am  aware.  No 
doubt  exists  that  there  was  a  displacement  of  points 
immediately  adjoining  the  fault  line,  on  the  actual 
surface,  of  approximatelj'  twenty  feet.  I  believe  there 
is  no  such  evidence  for  any  other  fault.  Our  astro- 
nomical observations  give  no  clear  indication  that  the 
position  of  the  Lick  Observatory  meridian  circle  was 
changed  at  the  epochs  of  the  earthquakes  of  1895, 
1903,  1906  and  1911.  Nor  is  there  any  indication  that 
the  instrument  at  Ukiah,  which  is  1°.6  of  longitude 
west,  and  1°.8  of  latitude  north  of  us,  was  changed  in 
1903,  1906  and  1911. 

These  observations  do  not  give  us  any  basis  for 
adopting  progressive  changes,  when  the  data  are  inter- 
preted with  due  regard  to  the  errors  of  declinations, 
and  the  results  at  other  stations  on  the  earth.  Rates 
may  be  found  by  connecting  high  and  low  points,  in 
any  series  of  observations.  Confirmation  should 
depend  on  the  distribution  of  intermediate  and  adja- 
cent points.  Sudden  changes  may  be  found  between 
any  two  consecutive  points,  if  we  disregard  the  natural 
and  inevitable  errors  of  observation.  The  test  of  these 
changes   is   to   be   found   in   the   criterion   of   errors. 

Excessive  refinement  in  the  treatment  of  astro- 
nomical results  may  be  misleading.  Our  instruments 
and  our  human  faculties  are  fallible,  and  often  system- 
atic errors  are  of  more  significance  than  the  accidental 
errors,   with  which  we  are  more  familiar. 

Lick  Obsemalory, 
July  21,  1923. 


UNIFOR.M   CLOCK   RATES   FOR  A   PERIOD   OF   AN   ENTIRE   YEAR, 

By  M.  L.  ZIMMER. 


The  first  series  of  fundamental  observations  made 
after  coming  to  Cordoba  early  in  1913,  pointed  un- 
mistakablj'  to  the  fact  that  clock  corrections  obtained 
in  the  evening  were  larger  than  the  corresponding  ones 
obtained  in  the  morning.  The  investigation  of  the 
cause  of  this,  requiring  as  it  does  that  the  clocks  be 
kept  under  strictly  uniform  conditions  of  temperature 
and  pressure,  led  to  the  early  construction  of  the  new 
subterranean  clock  room.' 

^Astronomical  Journal  \o.  7(i2. 


In  the  article  cited,  it  was  stated  that  clocks  run- 
ning undisturbed  under  such  conditions  would  be  ex- 
pected to  give  uniform  rates  for  an  entire  year,  and  ' 
this  expectation  has  been  fulfilled.  The  two  Riefler 
clocks  Nos.  155  and  330  were  installed  in  this  room  in 
the  early  part  of  1919,  the  pendulum  of  Riefler  No. 
330  swinging  in  the  merichan  and  that  of  No.  155  at 
right  angles  to  it.  Owing  to  several  tests  and  experi- 
ments the  room  was  not  ready  to  be  permanently 
closed   vintil    the   following   September   and    I'roni    tliat 
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time  until  about  the  end  of  October  of  the  following 
year  the  clocks  ran  mthout  any  known  disturbance, 
no  one  having  even  entered  the  room  during  that  time; 
but  from  this  date,  for  several  months  the  clocks  were 
rather  frequently  disturbed  by  earthquakes. 

During  this  period  about  15,000  observations  were 
made  for  the  further  investigation  of  the  night  and 
morning  phenomenon  as  well  as  to  furnish  the  basis 
for  the  reduction  of  our  fundamental  observations  of 
the  full  list  of  Boss'  1059  stars  south  of  +  30°.  Also 
during  that  same  period  8enor  Chaudet  took  time 
sets  at  more  or  less  regular  intervals  for  assuring  exact- 
ness in  the  signals  of  the  Argentine  time  service.  No 
attempt  was  made  to  obtain  an  exceptionally  high 
order  of  precision  in  these  clock  corrections. 

A  study  of  the  graph  together  with  a  few  trial  tests 


showed  that  they  would  be  represented  by  the  follow- 
ing formula: 

Mo  +  at.  +  U-  +  c  sin  2  Q  +  d  co^  2  Q  +  e  sin  5  © 
-(-  /  cos  5  O  =  A< 

Where 

Ato  =  mean  clock  correction. 

t  =  No.  of  days  from  February  29. 
O  =  true  longitude  of  Su7i  for  date  of  observation. 

Each  clock  correction  then  would  form  a  conditional 
equation.  Accordingly  the  following  conditional  equa- 
tions were  set  up  and  solved  by  the  method  of  least 
square : 


At  RiEi-LER  No.  330 


1919 

-1920 

Chaudet 

0 

C 

0- 

-C 

Oct. 

1 

Ato 

-151a 

+228016 

+  0.27C 

+  0.96f/ 

-0.64e 

-0.77/  = 

-   0.06 

-    0.10 

+  0.04 

16 

Ata 

-1360 

+  184966 

+  0.71C 

+0.70rf 

-0.92e 

+  0.40/  = 

-    1.88 

-    1.88 

.00 

27 

Ato 

-125« 

+  156256 

+  0.92C 

+0.39rf 

-0.20e 

+  0.98/  = 

-   3.20 

-  3.13 

- 

.07 

Nov. 

10 

Ato 

-lllfl 

+  123216 

+  1.00c 

-0.09rf 

+0.85e 

+  0.52/  = 

-   4.75 

-   4.76 

+ 

.01 

19 

Ato 

-102fl 

+  104046 

+  0.92C 

-0.40c/ 

+  0.97e 

-0.24/  = 

-   5.82 

-   5.85 

+ 

.03 

23 

Ato 

-    98rt 

+   96046 

+  0.85C 

-0.52(/ 

+  0.91e 

-0.41/  = 

-   6.28 

-   6.33 

+ 

.05' 

Dec. 

14 

Ato 

—   77o 

+   59296 

+  0.27C 

-0.96f/ 

-0.51e 

-0.86/  = 

-   8.91 

-   8.87 

- 

.04 

Jan. 

8 

Ato 

-    52n 

+   27046 

-0.58c 

-0.82rf 

-0.04e 

+  1.00/  = 

-11.78 

-11.70 

- 

.08 

26 

Ato 

-   34a 

+    11566 

-0.95c 

-0.31rf 

+  1.00e 

+0.01/  = 

-13.74 

-13.73 

- 

.01 

Feb. 

11 

Ato 

-    18a 

+     3246 

-0.98c 

+  0.21d 

+  0.25e 

-0.97/  = 

-15.40 

-15.38 

- 

.02 

Mar. 

3 

Ato 

+     3« 

+         96 

-0.556 

+0.83rf 

-0.99e 

+0.11/  = 

-17.08 

-17.11 

+ 

.03 

25 

Ato 

+  25a 

+     6256 

+  0.18C 

+0.98d 

+  0.44e 

+  0.90/  = 

-18.50 

-18.51 

+ 

.01 

Apr. 

15 

Ato 

+   46a 

+  21166 

+0.78C 

+  0.62rf 

+  0.78e 

-0.63/  = 

-19.75 

-19.74 

- 

.01 

]\Iay 

4 

Ato 

+   65a 

+  42256 

+  1.00C 

+0.02f/ 

-0.66e 

-0.75/  = 

-20.72 

-20.71 

- 

.01 

31 

Ato 

+   92a 

+  84646 

+  0.63C 

-0.77rf 

-O.lSe 

+  0.99/  = 

-21.89 

-21.92 

+ 

.03 

June 

30 

Ato 

+  122a 

+  148846 

-0.31c 

-0.95rf 

+0.71e 

-0.71/  = 

-23.46 

-23.47 

+ 

.01 

July 

13 

Ato 

+  135a 

+  182256 

-0.68c 

-0.73d 

-0.29e 

-0.96/  = 

-24.08 

-24.09 

+ 

.01 

Aug. 

6 

Ato 

+  159a 

+  252816 

-l.OOc 

-0.03d 

-0.75c 

+0.66/  = 

-24.86 

-24.87 

+ 

.01 

23 

Ato 

+  176c 

+  309766 

-0.86c 

+0.52d 

+  0.55e 

+  0.84/  = 

-25.14 

-25.21 

+ 

.07 

Sept 

8 

Ato 

+  192a 

+  368646 

-0.47c 

+0.88rf 

+  0.94e 

-0.35/  = 

-25.43 

-25.41 

- 

.02 

25 

Ato 

+  209a 

+436816 

+  0.09C 

+  1.00d 

-0.23e 

-0.97/  = 

-25.45 

-25.40 

- 

.05 

Oct. 

5 

Ato 

+  219a 

+479616 

+  0.42c 

+  0.91d 

-0.89e 

-0.46/  = 

-25.25 

-25.26 

+ 

.01 

8 

Ato 

+  222a 

+  492846 

+  0.52C 

+0.86d 

-0.98e 

-0.22/  = 

-25.14 

-25.20 

+ 

.06 

14 

Ato 

+  228a 

+  519846 

+  0.68C 

+ 0.73d 

-0.95e 

+  0.30/  = 

-25.03 

-25.06 

+ 

.03 

pe 

±0.024 

The  following  formula  was  obtained: 

-16=.495  -.081K  +.0001902  <-  +.3172  sin  2  0 
-.2303  cos  2  O  +.0205  sin  5  O  +.0567  cos  5  O 
=  At. 

AVith  this  formula  clock  corrections  were  then  com- 


puted for  the  dates  of  observation  and  the  column 
headed  O  —  C  shows  how  well  the  formula  represents 
them. 

The  smooth  curve  No.  1  was  computed  from  that 
part  of  the  rate  depending  on  2  O  and  the  broken  line, 
superimposed  represents  the  observations  freed  from 
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that  part  of  the  rate  depending  on  /  and  P.  The 
smooth  curve  No.  2  was  computed  from  that  part  of 
the  rate  depending  on  5  0  and  the  broken  line,  super- 
imposed upon  it,  represents  the  observations  freed 
from  that  part  of  the  rate  depending  on  t,  i-  and  2  O. 

The  preUminarj'  investigation  of  the  more  complete 
program  made  by  Senor  Guerin,  which  has  about 
400  conditional  equations,  shows  that  there  arc  several 
curves  of  still  shorter  period  superimposed  on  those 
two.  Of  course  the  effect  of  the  change  in  longitude, 
produced  by  the  latitude  variations  must  be  present. 
The  complete  formula,  when  the  periodic  and  casual 
error  of  star  places  have  been  eliminated,  will  rep- 
resent the  observations  with  a  probable  error  of  less 


than  half  of  that  shown  above.  There  can  be  no  doubt 
about  the  reality  of  curve  No.  1.  Several  causes  have 
suggested  themselves;  but  no  attempt  at  an  explana- 
tion is  made  at  this  time.  Since  both  clocks  traced 
out  this  same  curve  during  the  period,  and  from  the 
fact  that  we  have  had  glimpses  of  it  from  shorter 
periods  of  uninterrupted  clock  rates,  we  have  every 
reason  to  .«uppose  that  it  will  be  repeated  in  subsequent 
years.  Should  such  be  the  case  it  will  require  explana- 
tion. The  clocks  have  now  been  running  under  un- 
interrupted conditions  since  January  25th  of  the  pres- 
ent year  and  should  we  be  fortunate  enought  to  finish 
out  the  year  without  interruption,'  we  should  bo  in 
possession  of  data  to  settle  this  point. 
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The  results  need  no  comment,  they  speak  for  them- 
selves. The  test  has  been  a  severe  one  but  the  clocks 
have  measured  up  to  it  in  no  uncertain  way.  I  need 
hardly  point  out  the  value  of  such  uniform  rates. 
The  value  to  fundamental  work  will  be  seen  at  a 
glance,  since  with  such  rates  whole  years'  observations 


may  be  reduced  in  the  same  manner  as  those  of  a 
single  night.  Neither  do  I  need  to  point  out  what 
new  fields  will  be  opened  up  for  the  study  of  gravita- 
tional problems  and  the  possibilities  of  new  discoveries. 

Observatorio  Nacional  Argenlino,  Cordoba, 
August,  1922. 


ELEMENTS   AND   EPHEMERIS   OF    1921    WW, 

By  ERNEST   CLARE   BOWER  and  ARTHUR   NEWTON, 
[Communicated  by  Capt.  W.  D.  MacDougall,  U.  S.  Navy,  Superintendent  of  U.  S.  Naval  Observatory.] 

1921  TF  75  was  discovered  1921,  Nov.  21  by  G.   H.   Peters  at   Washington.     Observations  by  him  with  a 
10-inch  triplet  are  as  follows: 


G.  C.  T. 

Astrographic 
a  1921                S  1921 

AX 

unit 

AY            AZ 

=  O.OODOOOl 

Est. 
Mag. 

0  — c 

Aa            aS 

(1)    1921    Nov 

21.97639 

333  21     2.3   +  9  35   16.9 

-301 

+  141 

-267 

10.5 

+   0.3    -1.2 

(2) 

25.96944 

334  33  40.4  -f-   9  38  55.5 

-304 

+  134 

-267 

10 

5 

+   2.8   +1.1 

(3) 

29.96667 

335  50  32.7   -|-   9  44  48.1 

-311 

+  118 

-267 

+   5.8   +0.2 

(4)              Dec. 

1.97083 

336  30  29.6  +  9  48  35.3 

-317 

+  99 

-267 

+  3.6   -0.9 

(5) 

3.96667 

337  11  24.9   +  9  53     1.4 

-318 

+  96 

-267 

+  14.2  +4.3 

(G) 

9.95694 

339  18  39.6  +10     9  15.8 

-322 

+  83 

-267 

+  3.3   +0.1 

(7) 

22.95278 

344  17  48.5   +11     0  17.3 

-332 

+    18 

-267 

0.0       0.0 

(8) 

27.96389 

346  20  19.7   +11  25  16.8 

-331 

-   34 

-267 

+  2.6   +6.2 

(9)    1922  .1.111. 

2.96597 

348  51   29.8   +11    58  27.4 

-324 

-    72 

-267 

+   1.9   +1.4 

(10) 

7.95625 

351     0  23.8   +12  28  39.8 

-323 

-   80 

-267 

-   4.1    -2.1 

(11) 

14.96944 

354     6  13.8  +13  14  46.4 

-300 

-143 

-267 

+   3.3       0.0 

(12) 

24.98194 

358  39  10.4   +14  26  35.6 

-255 

-213 

-267 

0.0   +0.2 

(13) 

25.98917 

359     7     7.0   +14  34     9.6 

-241 

-229 

-267 

+   0.7   +0.4 

An  orbit  by  Leuschner's  method,  Lick  Pub.  7,  was 
based  on  (1),  (3)  and  (6).  This  was  a  two-solution 
case,  the  two  roots  being  p  =  1.91  and  p  =  0.20,  but 
there  was  little  difficulty  in  discarding  the  latter. 
The  residuals  of  the  direct  solution  were 


(1) 

(6) 

Aa 

-30".7 

+41".6 

A5 

-   4   .4 

+  6  .6 

A  single  correction,  giving  the  second  orbit,  reduced 
these  to  zero. 

The  second  orbit,  with  (7)  as  middle  place,  rep- 
resented (1)  and  (2)  for  a  first  normal  place  and  (12) 
and  (13)  for  a  third  normal  place  as  follows: 


(1) 

(2)              (12)              (13) 

Aa 

-16".7 

-17".5      +111".4     +116.7 

A5 

-   4   .6 

-    3   .0      +   24   .8     +   26.1 

A  single  correction,  giving  the  final  orbit  and  following 
elements,  yielded  the  residuals  tabulated  above  with 
the  observations. 

The  parallax   was  treated  as  in  A.  J.   28,   108  and 
as  suggested  in  A.  J.  34,  29. 

Elements  and  Constants  for  Equator 


5:poch   =  1921  Dec.  22.94026  G. 

C. 

T. 

]\r  =  14°.73031 

W2o   = 

10.9 

fi  =    0°.2 166784 

9  = 

7.5 

a  =     2  .745316 

e  =    0  .202598 

i  =     15°  56'  54".9) 

Q,  =  286    17   24  .3> 

1921.0 

o)  =    68     5   20  .9) 

X  =  .964593  r  sin  (  84°  59'  41".3  +  V) 
y  =  .891341  ?•  sin  (347  0  4  .3  +  V) 
z  =  .524473  r  sin  (  21    20  46  .7  +  V) 


1921.0 
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This  asteroid  docs  not  seem  to  bo  idontiral  with 
any  for  whirh  an  orbit  has  boon  published.  It  lias 
been  named  Aiiacostia. 


G.  C.  T. 

1918 


G.  C.  T. 

1921 

July   29 
Alio;.      8 

18 
28 


1918-19  Ephemekis 


Nov 

2 

10  8.0 

12 

10  15.8 

22 

10  22.3 

Doc. 

2 

10  27.2 

12 

10  30.5 

1919 

22 

10  31.9 

Jan. 

1 

1031.1 

11 

10  28.1 

21 

10  23.1 

31 

10  16.2 

Feb. 

> 

10  7.9 

9  58.9 

Mar. 

2 

9  50.1 

12 

9  42.2 

22 

9  35.8 

Apr. 

1 

9  31.5 

11 

9  29.2 

21 

9  29.2 

7.S 
G.o 
■1.9 
3.3 
lA 

0.8 
3.0 
5.0 
6.9 
8.3 
9.0 
8.8 
7.9 
6.4 
4.3 
2.3 
0.0 


+  3  39 

2  10 
+  0  44 
-0  38 

1  55 

3  5 

4  4 

4  52 

5  26 
5  44 
5  45 
5  31 
5  3 
4  26 
3  45 
3    5 

2  29 
-    1  59 


G.C 

T. 

«I921 

19?0 

h   m 

Mar. 

16 

14  38.5 

26 

14  34.8 

Apr. 

5 

14  28.5 

15 

14  20.1 

25 

14  10.6 

Mav 

14  1.1 

15 

13  .52.2 

25 

13  45.2 

June 

4 

13  40.5 

14 

13  38.2 

24 

13  38.G 

1920  Ephemeris 


3.7 
6.3 
8.4 
9.5 
9.5 
S.9 
7.0 
4.7 
'J.3 

0.4 


-36  5 
36  35 
36  47 
36  36 
36  3 
35  8 
33  55 
32  31 
31  4 
29  42 

-28  29 


1921   Ephemeri.s 


22  34.6 
22  28.3 
22  19.9 
22  10.4 


9.5 


+   9  52 

1120^^ 

12  23  ""^ 
io  --  34 
12  0/ 


(r) 
P 

(3.136) 
3.273 
3.144 
3.011 
2.878 
2.748 
2.626 
2.517 

(3.224) 
2.352 
2.307 
2.290 
2.303 
2.346 
2.414 
2.505 
2.615 

(3.285) 


(r) 
i> 

(3.130) 
2.347 
2.249 
2.174 
2.122 
2.096 
2.100 
2.128 
2.179 
2.250 

(2.974) 


(r) 
P 

(2.227) 
1.303 
1.260 
1.240 


12.7 
12.6 
12.5 
12.4 
12.3 
12.2 
12.1 
12.0 
12.0 
11.9 
11.9 
11.9 
11.9 
11.9 
12.0 
12.1 
12.2 
12.3 


11.9 
11.8 
11.7 
11.6 
11.6 
11.5 
11.5 
11.5 
11.6 
11.6 
11.7 


9.9 
9.8 
9.7 
9.7 


G.  C.  T. 

1921 

Sept.     7 


Oct. 


Nov.     6 


G.  C.  T. 


1921  1'>hemeris 


Aug. 

Sept. 

Oct. 

Nov. 
Dec. 


23 


12 


1923 

Jan. 


Fob. 
Mar. 


.Apr. 


Mav 


Juno 


12 
22 

1 
11 
21 

1 
11 
21 
31 
10 
20 
30 

9 
19 

1 
11 
21 
31 
U) 
20 
30 
10 
20 
30 

9 


22    0.9 

2152.9'° 

21  47.5  ':;\ 

21  15.1  — 

21  4(U  ^-^ 
4  2 
21  .")0.3 

21  57.2 '^■^ 


1922-23 


6  54. 1 

7  9.9 
7  24.5 
7  37.9 

7  49.8 

8  0.1 
8  8.5 
8  14.9 
8  19.0 
8  20.5 
8  19.3 
8  15.3 
8  8.6 
7  59.7 
7  49.4 
7  38.9 
7  28.9 
7  20.7 
7  14.7 
7  11.4 
7  10.6 
7  12.3 
7  16.2 
7  21.9 
7  29.3 
7  37.9 
7  47.5 

7  58.2 

8  9.4 
8  21.2 


15.8 
14.6 
13.4 
11.9 
10.3 
S.4 
6.4 
4.1 
1.5 

1.2 

4.0 

6.7 

8.0 

10.3 

10.5 

10.0 

8.2 

G.O 

3.3 

0.8 

1.7 

3.9 

5.7 

7.4 

s.(i 

O.f) 

10.7 

11.2 

11.8 


13    2  - 

19 

12  43 
12    7^^'^ 
1123^^ 

41 

10  42 

10   7'' 

+   9  44  ^'^ 


Epiiemeris 

81321 

+  27  36 
26  53  t:J 
26  6^' 
25  16  ?° 
24  23  f 
23  30  f 
22  36  '^"^ 

2147^^ 
47 

21  0 

43 

20  17  , 

+  19  39^1^ 
19  7 

28 

18  39 : 


18  16 
17  54 
17  36 
17  18 
17  1 
16  45 
16  30 
+  16  15 
15  58 
15  41 
15  21 
14  59 
14  32 
14  2 
13  26 


12  44 
+  11.58-*^' 


(r) 
P 

,241 
,265 
,309 
.372 
.449 
.539 
.192) 


(r) 
P 

(2.637) 
3.136 
3.046 
2.946 
2.838 
2.726 
2.610 
2.489 
2.372 
2.261 

(2.846) 
2.072 
2.004 
1.961 
1.946 
1.963 
2.009 
2.084 
2.184 
2.304 

(3.030) 
2.586 
2.739 
2.895 
3.052 
3.204 
3.352 
3.492 
3.624 

(3.158) 


The  above;  is  voluntoor  work. 


U .  S.  Naval  Ubserralory  and  U.  S.  Nautical  Almanac  Office 
Washington,  D.  C,  1922,  June  T. 
Issued  1923,  Sept.  22. 


9.7 
9.7 
9.8 
9.9 
10.0 
10.1 
10.3 


12.1 
12.1 
12.1 
12.0 
11.9 
11.9 
11.8 
11.7 
11.6 
11.5 
11.4 
11.4 
11.3 
11.3 
11.3 
11.3 
11.4 
11.5 
11.6 
11.7 
11.8 
12.0 
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ELEMENTS,   EQUATORIAL  COORDINATES,   AND   EPHEMERIDES 
OF  BAADE'S  COMET, 

By  R.  a.  ROSSITER  and  MISS  H.  M.  LOSH. 


The  elements  were  computed  from  the  three  following  observations: 


1922     October       23.5777  G.  ]\I.  T. 
November     4.5759 
November   16.6406 


Van  Biesbroeck 

Barnard 

McLaughlin 


Williams  Bay 
AVilliams  Bay 
Ann  Arbor 


Elements 


Time  of  perihelion  passage 
Perihelion  minus  node 
Longitude  -of  node 
Inclination 


T  1922  October  25.99067   G.  M.  T. 

CO  118°  17'  19".ll 

Q,  220    29   33   .4|-  1922.0 

/  51    27   29   .31 


Logarithm  of  perihelion  distance        log.  q    0.353S40 


Equatorial  Constants  for  1923 

X  =  r  (9.935173)  sin  (  56°  18'  52". 2  +  v) 
y  =  r  (9.979870)  sin  (336  54  26  .9  +  v) 
z  =  r  (9.769938)  sin  (  92    14   28   .6  +  v) 


E 

PHEMERIS 

192.3  G.M.T. 

a  192.3.0 

S  1923.0 

log.  A 

light 

Jan.    9.5 

23    4  23.8 

+  18  46  36 

0.415425 

0.46 

13.5 

23  13  23.3 

+  18  19    8 

17.5 

23  22  15.1 

+  17  54  22 

0.434802 

0.41 

21.5 

23  30  59.0 

+  17  32  10 

25.5 

23  39  35.1 

+  17  12  20 

0.453869 

0.37 

29.5 

23  48    3.4 

+  16  54  46 

Feb.    2.5 

23  56  23.8 

+  16  39  14 

0.472393 

0.33 

6.5 

0    4  36.8 

+  16  25  36 

10.5 

0  12  42.4 

+  16  13  45 

0.490204 

0.29 

14.5 

0  20  40.6 

+  16    3  29 

18.5 

0  28  32.8 

+  15  54  38 

0.507156 

0.26 

The    residuals   for    the    middle    place,    taken    in   the 
sense  observed  value  minus  computed  value,  are 

AXcosiS  =   -l"-.8     Afi  =  +1".8 


The  corresponding  residuals  for  the  observation 

November  9.5814  G.  AL  T.     Rossiter        Ann  Arbor 
are  Ao  cos  5  =   —2". 5       =   — 0M7       Ad  =   —4". 6 

The  observations  used  in  computing  th(>  elements 
were  corrected  for  parallax  and  aberration  on  the  basis 
of  preliminary  elements  computed  by  Professor 
HussEY  and  .students  and  the  writers  at  Ann  Arbor 
from  observations  of  Oct.  22.  Oct.  23,  Oct.  24.  and 
Oct.  27. 

The  light  is  computed  on  the  basis  of  unity  for 
Oct.  23,  the  date  of  the  first  observation  used  in  com- 
puting the  elements. 

The  elements  do  not  seem  to  be  similar  to  those  of 
any  set  computed  since  1890. 


Detroit  Observatory, 
Dec.  7,  1922. 
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OBSERVATIONS  OF  BAADE'S  COMET, 

MADK    AT    ANN'    AIlbOR    WITH    THE    12>^-INCH   REFRACTOR   OF  THE    DETROIT   OBSERVATOHY, 

By  R.  a.  ROSSITER  and  D.  B.  McLAUGHLIN. 


Dates 

G.  M.  T. 

Aa 

Af> 

Gumps. 

.Vpp.  a 

App.  6 

log  j>A 

* 

Obs. 

1922 

Oct.   24 

h       m      b 

1.5    9  34 

+  0     9.17 

-4  13.2 

13  .  16 

h       ,11     s 

19  .58    2.86 

+  36  18  14.5 

9.6530 

0.4174 

1 

R 

27 

15    0  27 

+  0  24.05 

-3  41.9 

13  ,  16 

20    4  53.51 

+  35  26  21.4 

9.6686 

0.4714 

2 

R 

27 

\r,:io    2 

+  0  20.88 

-4    3.4 

12  ,  13 

20    4  56.34 

+  35  25  59.9 

9.6826 

0..501 1 

2 

M 

Xdv.    <) 

12  28  Ifi 

+  0  28.42 

+0  17.0 

14  ,  17 

20  35  38.51 

+  31  43  30.1 

9.2971 

0.2(<69 

3 

R 

9 

13  32  24 

+  0  34.88 

-0  28.0 

12.  15 

20  35  44.97 

+  31  42  44.5 

9.5079 

0.3708 

3 

M 

9 

13  57  11 

+0  37.46 

-0  44.6 

11,11 

20  35  47.55 

+  31  42  27.9 

9.5585 

0.4133 

3 

R 

1(3 

15  22  29 

+  0  21.65 

+  8    6.5 

10,  12 

20  ,53  1 6.00 

+  29  43  37.4 

9.6693 

0.5971 

4 

M 

Doc.     8 

13  49  .')2 

-0    5.12 

-6  30.4 

14  ,  17 

21   18  13.72 

+  24  13  16.6 

9.5S48 

0.5784 

5 

R 

R.   A.   RossiTER  =  R.         D.  B.  McLaughlin  =  M. 

The  reductions  of  all  of  the  observations  were  made  by  R.  A.  Rossiter. 


Mean  Places 

for  1922  of   Com 

parinon  Stars 

* 

a 

Red.  to 
.\pp.  PI. 

1         Red,  to 
.\pp.  PI. 

Authority 

1 

h       m       s 

19  .57  51.86 

+  L83 

+  36  22  25.1 

+  32.6 

.4.  (1.  Lund  8930 

2 

20     4  27.62 

+  1.84 

+  35  29  30.7 

+  32.6 

A.  C.  Lund  9036 

3 

20  35     8.16 

+  1.93 

+  31   42  40.1 

+  32.4 

.4.  a.  Leiden  8377 

4 

20  .52  52.36 

+  1.99 

+  29  34  58.9 

+  32.0 

.4.  G.  Cambridge  11922 

5 

21   48   16.65 

+  2.19 

+  24  19  16.9 

+  30.1 

A.  G.  Berlin  B  8432 

THE   VARIATION    OF   LATITUDE   AT   LICK  OBSERVATORY 

By   R.    H.    tucker. 


In  deriving  the  corrections  for  the  variation  of  latitude 
at  this  Observatory,  from  the  results  of  the  zenith 
telescope  observations  at  many  stations,  some  features 
of  general  significance  have  been  developed.  These 
features  would  be  similar  for  any  other  point  on  the 
Earth,  and  they  may  be  traced  in  a  general  way  in  the 
X  and  y  coordinates  of  the  pole  at  Greenwich. 

Before  the  establishment  of  the  International  zenith 
telescope  stations  there  had  been  a  vigorous  campaign 
of  latitude  observations,  in  the  last  decade  of  the 
last  century.  Over  twenty  ob.scrvatories  took  part  in 
this  campaign,  each  practically  independently,  and  no 
one  contributing  with  an  interval  of  sufficient  length 
to  fix  the  period  of  the  fourteen  month  term  with 
precision.  This  is,  in  fact,  the  most  difficult  factor 
to     establish.  The    early    observations,     preceding 

1890,  had  b(!en  thoroughly    discussed    by    ('handler, 


and  his  results  have  not  liccn  hicluded  in  these  com- 
putations, partly  because  they  precede  our  own  meri- 
dian circle  observations. 

The  .r  and  ij  coordinates,  computed  for  the  meridian 
of  Greenwich  from  the  observations  at  all  the  zenith 
telescope  stations,  have  the  following  mean  values  and. 
average  values,  in  intervals  of  six  years  each. 


Interval 


Mean  x  Average 


Mean  /y  -\verage 


1890  to  1895 

0".00      ^ 

()".10 

0' 

'.00 

±0".10 

1896  to  1901 

00 

09 

+ 

01 

09 

1902  to  1907 

00 

10 

+ 

04 

10 

1908  to  1913 

+       02 

16 

+ 

04 

15 

1914  to  1919 

+       04 

16 

+ 

02 

15 

Means 


+  0  .01 


=  0  .12 


+  0   .02 


:0     .12 
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The  maxima  are  +0".33  and  —  0".30  for  x,  and 
+  0".35  and  -  0".27  for  y. 

There  would  seem  to  be  a  lack  of  symmetry  in  the 
rotation  of  the  pole.  This  may  be  due  to  changes  in 
the  deviation  of  the  axes.  It  may  be  due  to  errors  in 
the  declinations  adopted  for  the  stars  of  the  Interna- 
tional observing  list,  including  proper-motions  as  an 
essential  part  of  the  declination  sj'stem.  Or  the  effect 
may  be  due  to  errors  of  observation.  Sensible  accumu- 
lation of  mean  differences  locgins  with  the  installation 
of  the  International  stations.  The  Kimura  or  z  term 
had  been  computed  separately,  by  the  Bureau  of 
Latitude,    for    the    results    following    the    year    1900. 

The  computed  mean  yearly  values  of  this  term,  with 
its  average  monthly  values  are  given  in  the  follo^^ing 
table.  The  term  has  a  periodic  character,  of  the 
form,  -0".035  cos  {t  -  1900.46)  360°.  In  this,  and 
in  subsequent  expressions,  t  is  reckoned  in  years. 
The  periodic  term  accounts  for  a  large  part  of  the 
average  monthly  residual.  The  column  of  computed 
yearly  values  of  z  has  been  formed  by  applj'ing  a  rate 
of  -|-0".005  per  .year,  with  the  epoch  1905.  The 
average  O  —  C,  ±0".015,  is  two  thirds  the  size  of  the 
average  yearly  residual  without  a  rate. 


Epoch 


Mean 


1900.5 

+  0' 

.003 

1.5 

+ 

4 

2.5 

- 

6 

3.5 

+ 

12 

4.5 

+ 

19 

5.5 

- 

10 

6.5 

- 

21 

7.5 

- 

17 

8.5 

+ 

5 

9.5 

-f 

21 

10.5 

+ 

22 

11.5 

+ 

30 

12.5 

+ 

22 

13.5 

+ 

32 

14.5 

+ 

77 

15.5 

+ 

51 

16.5 

-t- 

56 

17.5 

+ 

83 

z  Term 


Average         Comp.  O  —  C 

±0".023        -0".021       -f-0".024 
28 
24 
24 


30 
42 
39 
27 
35 
24 
36 
30 
34 
77 
51 
58 
83 


16 

+ 

20 

11 

+ 

5 

6 

+ 

18 

001 

+ 

20 

004 

- 

14 

9 

- 

30 

14 

- 

31 

19 

- 

14 

24 

- 

3 

29 

- 

7 

34 

- 

4 

39 

- 

17 

44 

- 

12 

49 

+ 

28 

54 

- 

3 

59 

- 

3 

64 

+ 

19 

Means    -|-0  .021  (>0  .038)   -|-0  .021 


=  0.  015 


Yearly  residual  ±0.022 


Monthlv  residual  ±0.028 


The  (p  —  (fio  for  the  longitude  of  this  Observatory, 
computed  from  the  x  and  y  coordinates  only,  has  the 
following  mean  values  and  average  values,  for  intervals 
of  six  years. 


Interval 


Mean 


Average 


1890  to  1895 

0' 

'.00 

±0".ll 

1896  to  1901 

00 

10 

1902  to  1907 

+ 

03 

10 

1908  to  1913 

+ 

04 

15 

1914  to  1919 

+ 

04 

13 

Means 


+  0   .02 


=  0  .12 


The  maxima  are  -|-0".39  and  -0".27. 

The  largest  difference  in  a  tenth  of  a  year  is  0".19. 

These  quantities  are  naturally  nearly  identical  with 
the  mean  values  of  x  and  y  at  Greenwich.  Dividing 
tp  —  ^0  into  30  yearly  sums,  the  average  yearly  mean 
is  -)-0".017,  and  the  average  residual  from  this  mean 
is  ±0".028  per  year.  Dividing  into  30  sums  of  1.2 
years  each,  beginning  at  the  commencement  of  a  cal- 
endar year,  the  average  mean  is  +0".013,  and  the 
average  residual  is  ±0".016  per  interval  of  1.2  years. 
These  small  mean  values  indicate  the  effect  of  variation 
of  latitude  on  the  yearly  means  of  observations,  and 
on  the  means  of  intervals  of  fourteen  months. 

The  most  pronounced  term  in  the  tabulated  tp  —  ip„ 
has  an  approximate  period  of  1.2  years,  and  five  such 
periods  would  be  included  in  six  years.  A  more  pre- 
cise value,  derived  after  applying  the  corrections  for 
the  annual  term,  is  1.19  years,  and  21  periods  would  be 
completed  in  25  years.  Summing  up  <p  —  (fo  in  twelve 
groups  of  21  values  each,  interpolating  for  intervals  of 
1.19  years,  the  corrections  for  the  annual  term  are 
eliminated  in  the  group  means,  and  this  is  true  whether 
the  radius  of  the  annual  term  is  constant  or  variable. 
The  coefficient  of  the  long  term,  approximately  fourteen 
months,  is  thus  derived  independently  of  any  assump- 
tion other  than  that  of  a  period  of  uniform  length. 
Two  overlapping  summations  are  represented  in  the 
following  expressions,  for  intervals  of  25  years,  1890  to 
1914,  and  1895  to  1919.  The  maximum  amplitude  of 
V3  —  <po  is  evidently  0".23,  from  the  periodic  variation. 
^  -  ^g  =  -f  0".015  -  0".156  cos  {t  -  1890.76)  302° 

-  0".071  cos  {t  -  1890.83)  360° 

^  -  ^„  =  -j-0.020  -  0.157  cos  it  -  1895.52)  302° 

-  0.077  cos  (t  -  1895.85)  360° 

The  details  of  one  summation  of  the  term  of  1.19  years 
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follow.     The   column   of   computed    v*  ~  V'o   lias    been 
derived  from  the  exprc.'^sion  aliove. 

Limits  <p  —  s?o  (' 


1890.0  to  1913.8  +0' 

'.114  +0' 

'.099  +0' 

'.120  -0' 

.006 

90.1  to 

13.9  + 

168  + 

153  + 

163  + 

5 

90.2  to 

14.0  -f 

173  + 

158  + 

168  + 

5 

90.3  to 

14.1  + 

130  -f 

115  + 

130 

0 

90.4  to 

14.2  + 

059  + 

044  + 

063  - 

4 

90.5  to 

14.3  - 

020  - 

035  - 

018  - 

2 

90.6  to 

14.4  - 

095  - 

110  - 

090  - 

5 

90.7  to 

14.5  - 

134  - 

149  - 

133  - 

1 

90.8  to 

14.6  - 

136  - 

151  - 

138  + 

2 

90.9  to 

14.7  - 

091  - 

106  - 

100  + 

9 

91.0  to 

14.8  - 

031  - 

046  - 

033  + 

2 

91.1  to 

14.9  + 

048  + 

033  + 

048 

0 

Means 

+  0 

.015 

+  0 

.015 

Averages 

±0 

.100 

±0 

.003 

Details  of  the  similar  comjiutation  of  tlic  annual  term 
follow.  Corrections  for  tiie  longer  term  were  first 
applied  to  <p  —  <^o-  These  corrections  would  be 
eliminated  in  the  summation  of  the  original  ^  —  ipo,  but, 
by  appljang  them,  the  length  of  the  period,  can  be 
derived.  This  is  found  to  be  one  year,  with  a  prob- 
able error  of  half  a  daj-.  The  ten  groups  have  25 
values  each.  Tlie  column  of  computed  values  is  de- 
rived from  tlie  corresponding  expression  for  the  25 
year  interval. 


Annual  Term 

I'poch 

Diff. 

Comp. 

0- 

-c 

0.0 

-0".03S 

-0".034 

-0' 

.004 

0.1 

+           8 

+            9 

- 

1 

0.2 

+         50 

+         48 

+ 

2 

0.3 

+         71 

+         70 

+ 

1 

0.4 

+         62 

+         65 

- 

3 

0.5 

+         34 

+         34 

0 

0.6 

6 

-           9 

+ 

3 

0.7 

44 

48 

+ 

4 

0.8 

70 

70 

0 

0.9 

68 

65 

- 

3 

Mean 

U  .000 

Averages 

=tO  .045 

±0 

.002 

The  computed  values  for  the  group  means  differ  from 
the  observed  values  by  about  four  per  cent  of  the  aver- 
age correction,  in  each  comi)utation.  The  computed 
probable  error  of  a  monthly  v?  —  Vo  would  be  ±0".015, 
based  upon  these  tabular  results.  The  actual  errors 
are  much  larger. 


There  are  two  definite  explanations  for  this  dis- 
cordance. I']ither  the  radii  of  the  revolutions  traced  by 
the  pole  are  subject  to  variations  in  length,  which  are 
eliminated  in  the  mean  values  for  an  interval  of  25 
years;  or  the  observations  of  each  year  may  be  subject 
to  systematic  errors,  which  are  eliminated  in  the  same 
interval. 

The  average  difference  between  the  ip  —  tpa,  for 
tenths  of  a  j'ear,  and  the  ip  —  ^po  computed  by  the 
fornnda,  is  =tO".040,  for  the  interval  of  30  years. 
Of  300  residual  differences,  125  are  plus,  150  .are  minus, 
and  25  are  zero.  There  are  147  that  exceed  the  probable 
error,  =t0".035.  There  are  52  that  exceed  twice  the 
probable  error,  and  the  law  of  distribution  of  accidental 
errors  allows  50.  There  are  24  that  exceed  three  times 
the  probable  error,  v.hile  theory  allows  12.  There  is  a 
run  of  high  plus  residuals  in  1909,  1910  and  1911,  and 
12  of  these  large  residuals,  including  the  two  largest, 
occur  in  that  interval.  There  are  3  that  exceed  four 
times  the  probable  error,  +0".15,  — 0".15  and  -|-0".17, 
while  theory  allows  2.  The  largest  does  not  exceed 
five  times  the  probable  error.  A  series  of  residual 
errors  could  hardly  be  expected  to  follow  the 
distribution  more  closely.  There  is  no  essential 
variation  in  tlie  size  of  the  residuals  at  different  epochs, 
except  for  the  run  of  hi«;h  individual  differences  noted 
above. 

Correcting  ip  —  ^a  for  the  mean  annual  term,  the 
individual  period,  epochs,  and  coefficients  of  the 
longer  term  have  been  computed.  There  are  two  zero 
points  in  each  revolution,  from  which  the  length  of  the 
period  can  be  determined  more  exactlj'  than  by  attempt- 
ing to  fix  the  maxima  and  minima.  The  period  ranges 
from  1.08  to  1.27  years,  and  the  mean  value  is  1.192 
yaers,  or  435  days.  The  average  residual  of  single 
periods  is  ±0.03  year,  and  the  probable  error  of  the 
mean  is  =t  0.001  year,  or  less  than  half  a  day.  The  daily 
velocity  of  rotation  is  0°.827,  and  the  yearly  velocity  is 
302°.  The  individual  values  of  the  computed  epochs 
and  coefficients  follow.  The  principle  of  elimination  of 
errors  has  necessarily  been  abandoned,  in  making  these 
solutions  for  single  r(>volutions  of  (>ach  term. 

The  probable  error  of  an  epoch,  in  the  above  computa- 
tion, is  =±=0.03  .year.  The  high  coefficients  in  1909, 
1910  and  1911  partly  account  for  the  run  of  large 
residual  differences  in  the  observed  if  —  ^pu-  The 
probable  error  of  the  nu^an,  — 0".163,  is  ±0".006. 

There  is  an  apparent  periodic  character  in  the  above 
coefficients,  which  could  be  represented  b.y  the  expres- 
sion, -|-0".05  cos  (i  -  1900)  14°.3,  with  a  period  of 
25  years.  The  application  of  such  a  periodic  cor- 
rection diminishes  the  average  residual  difference  to 
±0".025  per  revolution  or  5/8  of  the  average  residual 
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above.  Since  only  one  complete  25  year  period  is 
covered  by  the  observations,  the  solution  is  not  conclu- 
sive, and  the  residual  differences  may  be  merely  system- 
atic errors  of  observation. 


Fourteen  Month  Term 


Epoch 


C'oeJ. 


Epoch 


Coef. 


1890.78 

-0".22 

1905.10 

-0' 

'.13 

91.86 

19 

6.19 

12 

93.14 

13 

7.37 

15 

94.32 

12 

8.48 

22 

95.51 

12 

9.77 

22 

96.72 

14 

10.95 

23 

97.95 

12 

12.15 

25 

99.14 

15 

13.40 

21 

1900.33 

14 

14.58 

16 

1.50 

15 

15.81 

21 

2.65 

09 

16.91 

22 

3.91 

12 

18.03 
19.40 

14 
13 

Mean 

-0 

.163 

Average  residual 

±0 

.039 

Correcting  ^  —  (po  for  the  mean  long  term  variation, 
the  period,  epochs  and  coefficients  of  the  annual  term 
have  been  computed,  as  below.  It  appears  to  be 
worth  while  to  develop  these  details  of  the  latitude 
variation,  for  the  reason  that  they  apply  equally  well 
for  any  other  station.     The  coefficient  and  epoch  of 


Annual  Term 


Epoch 


Coef. 


Epoch 


Coef. 


1890.79 

-0".07 

1905.84 

-0".05 

91.78 

09 

6.91 

07 

92.80 

06 

7.97 

04 

93.84 

07 

8.81 

04 

94.90 

07 

9.81 

06 

95.78 

07 

10.82 

11 

96.86 

10 

11.84 

10 

97.85 

07 

12.83 

07 

98.85 

06 

13.89 

07 

99.85 

06 

14.85 

06 

1900.80 

06 

15.81 

08 

1.86 

07 

16.85 

09 

2.83 

08 

17.81 

07 

3.86 

07 

18.85 

10 

4.85 

06 

19.83 

07 

Mean  -0  .071 

Average  residual  -|-0   .011 


the  annual  term  however  vary  with  the  longitude  of 
a  station. 

The  probable  error  of  a  single  epoch  is  ±0.025  year, 
in  the  above  computation. 

The  average  differences  between  the  observed 
<p  —  ipo  at  tenths  of  a  3'ear,  and  the  ip  —  ipt,  computed 
from  single  revolutions  is  ±0".012  for  the  annual  term, 
and  ±0".020  for  the  longer  term.  Both  averages 
would  be  diminished  by  applying  for  each  year  the 
corrections    derived    for    each    term    in    that    j^ear. 

The  expression  adopted  for  this  station,  from  the 
zenith  telescope  observations  of  the  past  thirty  years,  is, 

-0".16  cos  (t  -  1890.76)  302° 

-  0".07  cos  {t  -  1890.84)  360° 

If  the  revolutions  of  the  pole  are  uniform  in  periods 
and  radii,  the  average  difference  between  the  observed 
ip  —  tpn  at  tenths  of  a  year  and  the  computed  ^  —  ^o 
is  ±0".04.  If  periods,  epochs  and  radii  vary,  accord- 
ing to  the  figures  in  the  preceding  tables,  the  average 
difference  between  observed  and  computed  (p  —  <p(, 
does  not  much  exceed  =tO".01. 

This  last  figure  represents  a  fictitious  precision  for 
the  results  of  observation,  since  the  errors  of  observa- 
tion have  been  smoothed  out  by  the  application  of 
the  corrections  derived  from  the  observations  of  each 
year  separately.  Still  closer  apparent  agreement 
would  be  reached  by  correcting  the  results  at  each 
station  by  a  formula  derived  from  the  observations 
of  a  single  year,  or  a  fourteen  month  interval,  at  that 
station  only. 

This  fictitious  agreement  has  perhaps  led  to  the 
proposal  to  determine  the  variation  of  latitude  at 
each  station,  individualh\  The  proposal  evidentl.y 
overlooks  the  need  of  correcting  for  the  errors  of  star 
declinations,  which  depend  on  right  ascen.sion.  These 
would  directly  influence  the  seasonal  results  of  lati- 
tude observations.  They  are  eliminated  in  the  compar- 
ison of  the  results  at  two  stations,  suitably  situated  in 
longitude,  when  the  same  stars  are  observed  at  both. 
Until  we  have  declinations  superior  in  quality  to  those 
of  our  present  standard  star  systems,  no  single  station 
can  determine  the  variation  of  latitude  with  more 
precision  than  that  reached  by  the  combination  of 
several.  Changes  of  latitude,  as  distinguished  from 
latitude  variation,  may  be  studied  in  the  differential 
results  at  single  stations.  But  the  accidental  errors 
of  observation  should  be  considered,  in  interpreting 
such  studies. 

The  most  natural  assumption  is  that  sucli  a  periodic 
phenomenon    as   the   variation   of   latitude   would   be 
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uniform  in  character,  unless  there  is  unimpeachal)le 
evidence  to  the  contrary. 

The  fact  that  errors  in  the  observed  ^  —  v?o  have 
been  admitted  by  the  Bureau  of  Latitude  to  be  as  large 
as  a  tenth  of  a  second,  supports  the  evidence  of  these 
tests.*  Such  an  error  might  be  expected  to  occur 
about   once  in    two   years,  if  accidental  in  character. 

The  last  computation  bj^  the  late  Dr.  S.  Chandler. 
for  the  latitude  variation  at  any  station,  had  the  fol- 
lowing forni.t 

^  _  ^„  =   -0".16  cos  [X  +  (/  -  2411790)  0°.851 
—  r-j  cos  (O  —  G) 

In  this  formula  t  is  reckoned  in  (la\s,  and  the  e])ocli 
corresponding  to  the  Julian  period  is  February  25,  1891, 
which  is  in  close  agreement  with  the  epoch  of  the  long 
term  from  the  zenith  telescope  results  of  the  past 
thirty  years.  The  coefficient  of  the  so-called  fourteen 
month  term  is  the  same.  The  daily  velocity,  0°.85, 
corresponds  to  a  period  of  424  days,  or  1.16  years,  and 
the  yearly  velocity  would  be  310°.  The  value  of  r-> 
for  this  station  is  0".14,  and  of  G,  197°.  This  coefficient 
is  0".07  larger  than  the  one  fixed  1>>-  our  computations, 
and  the  epochs  of  the  annual  term  differ  by  O.OG  3'ear. 
Periodic  errors  in  the  adopted  declinations  have  the 
most  direct  influence  in  the  computations  for  an  annual 
term.  With  the  use  of  his  formula,  the  observed 
^  —  ^0  is  represented  with  an  average  difference  of 
=tO".03,  up  to  1896.  In  the  six  years  following,  the 
average  rises  to  ^O'MS,  which  is  larger  than  the 
average  ip  —  (po-  The  divergence  becomes  more  marked 
for  later  years.  The  change  of  0°.023  in  daily  velocity, 
or  8°  in  j'earlj'  velocitj-,  has  the  effect  of  completely 
reversing  the  algebraic  .signs  of  the  corrections  for  the 
fourteen  month  teim,  in  an  interval  of  about  22  years.  J 
Introducing  the  value  of  the  daily  velocity,  0°.83, 
in  his  formula,  in  place  of  0°.S5,  the  average  difference 
of  his  values  from  th(>  observcnl  values,  at  tenths  of  a 
year,  is  =fc0".05,  throughout.  His  corrected  values 
differ  from  those  computed  here  by  ±0".04,  in  the  same 
interval.  The  period  which  best  represented  the  bulk 
of  his  earlier  investigations  was  429  days,  with  a 
daily  velocity  of  0°.84,  and  a  yearly  velocity  of  307°. 
Our  meridian  circle  observations  of  latitude  were 
discussed  two  years  ago,  for  latitude  variation.  Up  to 
the  close  of  the  last  century,  Ch.\ndler  corrections  had 
appeared  satisfactory,  as  included  in  our  published 
results.     Details  of  our  computations  may   be  given 

"Wanack  Astr.  Nach.  48.58,   1916. 
\Aslronomical  Journal  No.  330,  1894. 
thick  Obsy.  Bull.  No.  323,  1919. 


later,  and  a  brief  statement  of  the  results  is  sufficient 
for  presentation  here.  Owing  to  gaps  in  the  seciuence 
of  monthly  results,  the  period  of  the  long  term  could 
not  l)e  well  fixed,  and  the  approximate  value  1.2  years 
was  adopted,  for  summations  similar  to  those  used  here 
for  the  zenith  tel('sc()|)e  results.  The  distril)ution  of 
the  values,  at  tenths  of  a  year,  was  fairly  uniform. 
For  the  annual  term,  the  ten  groups  have  from  14  to 
17  each,  with  an  average  of  16.  The  twelve  groups  for 
the  longer  term  have  from  12  to  14  each.  Corrections 
for  the  long  term  liaving  been  computed,  and  applied, 
the  corrections  for  the  annual  term  were  derived. 
These  were  applied  to  the  original  latitudes,  and 
corrections  for  the  longer  term  were  then  determined 
anew.  These  gave  the  same  expression  as  before 
for  the  annual  term,  and  no  further  approximation  was 
necessary  to  make  up  for  the  unsymmetrical  distribu- 
tion of  the  original  material.  There  was  an  interval 
of  25  years,  1893  to  1918,  available  for  the  alternate 
elimination  of  each  series  of  corrections.  The  elimina- 
tion is  not  perfect,  owing  to  the  gaps  in  the  separate 
years. 

The  system  of  declination  adopted  was  not  the  same 
throughout,  but  as  each  system  was  in  use  at  least  a 
year,  the  monthly  residuals  are  not  much  affected  by  the 
mean  declination  correction  to  each  system.  The 
expression  following  was  derived  from  the  latitudes 
given  by  the  half  sums  of  the  observations  of  circum- 
polar  stars,  and  of  fundamental  stars,  in  general  south 
of  the  zenith. 

^  -  ,^„  =   +0".01  -  0".13  cos  (t  -  1894.3)  300° 
-  0".08  cos  it  -  1893.8)  360° 

The  coefficient  of  the  long  tei-ni  is  0".03  smaller  than 
that  derived  from  the  zenith  telescope  observations, 
and  the  coefficient  of  the  annual  term  is  0".01  larger. 
The  epochs  are  in  approximate  agreement.  The 
probable  error  of  a  single  ^o  was  ^O'MO,  from  comijar- 
ison  with  this  expres.sion.  The  probable  error  of  the 
latitude  from  the  observations  of  a  single  night  does  not 
exceed  this  figure,  if  onlj'  the  accidental  errors  of  obser- 
vation are  considered.  But  the  results  for  any  night 
are  subject  to  certain  systematic  errors,  of  which  the 
error  of  the  nadir  readings  maj'  be  quoted  as  a  specific 
case.  Single  settings  on  the  nadir  have  about  the  same 
accidental  errors  as  the  observation  of  a  star,  since  the 
circle  reading  is  employed  in  each.  The  average 
error  of  the  determination  of  tlic  zenith  point  is  between 
0".  I  and  0".2  per  night,  from  one,  two  or  three  nadirs, 
depending    on    the    length    of    tiie    observing    period. 
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In  zenith  telescope  observations  there  is  undoubtedly 
a  source  of  error  in  the  readings  of  the  level,  and  in  the 
performance  of  the  bubble.  This  may  be  accidental 
in  nature, as  regards  individual  readings,  but  is  sj^stem- 
atic  in  its  effect  on  the  mean  results  of  a  night.  It 
possibly  explains  the  discordance,  which  has  been  often 
noted  by  zenith  telescope  observers,  between  the 
apparent  precision  of  individual  observations  and  the 
ultimate  precision  of  the  mean  of  a  night. 

A  separate  solution  of  the  latitude  variation  was 
made,  from  our  circumpolar  observations  onh'.  The 
weight  of  individual  residuals  is  smaller  than  in  the 
solution  above,  since  but  four  circumpolar  stars  were 
usually  observed  each  night,  while  the  fundamental 
stars  observed  average  at  least  twice  that  number. 
Some  systematic  errors  are  also  eliminated  in  the 
combination  of  obervations  north  and  south  of  the 
zenith,   and   these   errors  mav  not   be  constant.     The 


circumpolars  give  the  following  expression  for  the 
same  interval  of  2.5  years,  with  over  one  thousand 
nights  included. 

(P  -  (Po  =   -0".19  cos  it  -  1894.2)  300° 
-  0".14  cos  (t  -  1893.8)  360° 

Both  coefficients  are  larger  than  those  derived  from  our 
more  complete  material.  The  probable  error  of  a 
single  (po  is  ±0".20,  or  double  the  size  of  that  from  the 
combination  of  stars  north  and  south  of  the  zenith, 
and  the  respective  weights  would  be  one  to  four. 
The  astronomical  latitude,  based  on  the  system  of 
AuwERS,  is  37°  20'  25". 6  (±0".01),  and  there  is  no 
definite  indication  of  any  change  in  <p^  in  the  past 
quarter  of  a  century. 

Liek  Observatory, 
August  2,  1922. 


STELLAR   PARALLAXES  AND   THE   ECLIPSE   OF   1922   SEPTEMBER   20, 

By    L.   J.   COMHIE. 


When  the  plates  secured  during  the  recent  eclipse 
for  the  testing  of  Einstein's  theory  are  measured  and 
compared  with  the  check  plates  taken  a  few  months 
previously  it  will  be  necessarj'  'to  take  into  account 
every  possible  source  of  disturbance  of  the  mean  posi- 
tions of  the  stars.  Differential  refraction  and  aberra- 
tion will  naturally  be  considered  and  allowed  for.  A 
number  of  the  stars  have  large  proper-motions,  which 
cannot  be  neglected.  But  perhaps  the  most  subtle 
source  of  s^'stematic  error  will  be  the  annual  par- 
allaxes of  the  stars,  for  very  little  is  known  about 
these.  The  displacement  from  mean  position  on  the 
day  of  the  eclipse  will  be  practically  zero,  whereas  in 
June  or  July,  when  the  check  plates  were  taken,  the 
displacement  may  even  be  a  little  greater  than  the 
annual  parallax  —  greater  because  the  Earth  was  then 


near  aphelion.  Since  corrections  of  the  order  of 
0".01  will  be  applied  in  the  reductions  it  is  evident 
that  our  lack  of  knowledge  of  the  parallaxes  of  the 
stars  photographed  is  going  to  affect  slightly  the 
quantitative,  though  perhaps  not  the  qualitative, 
result  of  the  measures  and  reduction.  To  wait  sev- 
eral years  while  the  trigonometrical  parallaxes  of  these 
stars  are  obtained  is  not  necessary  if  it  were  possible 
for  the  Mt.  Wilson  or  other  observers  to  obtain  spec- 
trograms and  deduce  spectroscopic  parallaxes.  This 
could  be  done  in  a  few  months  time,  when  the  Sun  has 
sufficiently  withdrawn  from  the  field. 

Of  the  stars  within  two  degrees  of  the  Sun  at  the  time 
of  the  eclipse,  there  is  only  one  for  which  parallaxes 
have  been  published,  viz.  fi  Virginis.  The  values 
availalile  are:  — 


Observer 

Observatory 

Method 

Parallax 

Reference 

Chase 

Yale 

Heliometer 

0' 

'.11      ±0' 

.047 

Trans.  Yale  Obs.  II,  392 

SCHLESINGER 

Allegheny 

Photographic 

0 

.096    ±0 

.006 

Pub.  Allegheny  Obs.  IV,  102 

Mitchell 

McCormick 

Photographic 

0 

.096    ±0 

.008 

.4.  J.  33,  79 

Adams 

Mt.  Wilson 

Spectroscopic 

0 

.087 

Ap.  J.  53,  13 

From  these  we  may  adopt  0".100  as  the  absolute 
parallax.  Denoting  by  pa  and  ps  the  displacements 
in  R.  A.  (on  a  great  circle)  and  Dec.  respectively  we 
have,  with  the  adopted  parallax 


/J,  =  -0".006  X   -0".100  Y 
;«  =  +0  .004  X  -t-0  .100  Z, 

where  X,   Y  and  Z  are  the  Sun's  coordinates  on  the 
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dale  of  observation.  The  maximum  displacement 
occurs  on  or  about  June  18,  and  is  —  0".093  in  R.  A. 
and  +0".040  in  Declination.  The  displacenionts  at 
the  time  of  the  eclipse  are  +0".002  and  -0".002 
respectively. 

Parallaxes  of  two  other  stars  that  may  be  on  the 
eclipse  plates  have  been  determined  at  the  Dearborn 
Observatory,  and  were  kindly  communicated  by 
Director  Fox.     Thcv  are:  — 


B.  D.  -0"2510  0".079  ±0".01G 
B.  D.  -0  2510  0  .063  =^0  .017 
B.  D.  -0  2512  0  .052    ±0  .024 


5  com}),  stars  used 
3  com  p.  stars  used 
5  conip.  stars  used 


The  P.  E's.  are  rather  hirgor  than  usual,  but  we  may 
adopt  G".08  and  0".06  as  the  absolute  pa.rallaxes.  We 
shall  then  have  for  the  parallactic  displacements, 
neglecting  terms  not  greater  than  0".003 


H.  D.  -0°2510     p. 
B.  D.  -0  2512     /), 


-0".08  Y     Pi  =  +0".08  Z 
-0  .00  Y     pi  =  +0  .06  Z 


In   deducing   the   equations   above   for   pi  and   pi  I 


have  made  use  of  the  fact  that  any  parallax  factor  / 
may  be  thrown  into  the  general  form 

f  =  nX  +  bY  +  cZ 

in  which  u,  b  and  c  are  constants  for  anj'  particular 
star,  and  X,  Y  and  Z  the  Sun's  coordinates,  of  which 
the  natural  values  are  given  in  the  national  ephem- 
erides  for  each  noon  and  midnight.  In  particular, 
using  X  and  /3  for  longitude  and  latittide  respectively, 
and  e  for  the  obliquity  of  the  ccliiilic 

/i  =  —  X  sin  a  +  Y  cos  a 

/;  =  —  X  cos  a  sin  6  —  Y  sin  a  sin  3  +  Z  cos  6 

/»  =  —  X  sin  X  +  Y  cos  X  sec  e 

fg  =  —X  cos  X  sin  /3  —  Y  sin  X  sin  /3  sec  e 

If  Schlesinger's*  or  Pitman's!  tables  are  not  avail- 
able, or  if  more  decimals  are  required,  the  above  ex- 
pressions, with  Crelle's  or  Cotsworth's  multiplica- 
tion tables,  will  be  foimd  as  convenient  as  any  hitherto 
proposed. 


*Pub.  Allegheny  Obs 
iA.  J.,  No.  681. 


Vol.  HI,  Kit. 


CORRECTION   TO   NEWCOMB'S  FUNDAMENTAL  CATALOGUE, 

By  R.  H.  ticker. 


The  star  No.  1186  in  Sculi  at  18"^  23">,  -14°  37',  has 
an  evident  error  in  the  proper-motion  derived  and 
applied  in  right  ascension.  This  should  apparently 
read  0^021,  in  place  of  0».210. 


The  star  is  not  in  the  list  of  the  American  Ephemcris, 
but  its  right  ascension  at  this  date  would  be  0^17  too 
large. 

Lick  Obsenmlory , 
Dec.  18,  1922. 
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ON   THE   APPLICATION   OF   DELAUNAY'S   LUNAR  THEORY   TO   THE   EIGHTH 

SATELLITE   OF  JUPITER, 


By  ERNEST  W.  BROWN. 


The  theorj'  of  Delaunay,  originally  constructed  to 
give  the  position  of  the  Moon,  is  entirely  literal  and 
should  therefore  be  applicable  to  anj^  satellite.  The 
expressions  which  he  obtains  for  the  coordinates  are 
sums  of  harmonic  terms  and  the  coefficient  of  any 
term  is  expanded  in  powers  of  certain  parameters 
whose  values  are  to  be  obtained  from  observation. 
The  expansions  are  taken  sufficiently  far  so  that,  in 
the  case  of  the  Moon,  no  coefficient  is  in  doubt  by  so 
much  as  1".  In  the  case  of  Jupiter  VIII,  the  numer- 
ical values  of  the  parameters  are  so  much  larger  that 
the  doubt  is  of  the  order  of  1°,  due  to  slow  conver- 
gence. The  main  object  of  this  paper  is  to  examine 
whether,  by  changing  the  forms  of  the  .series  or  by 
estimation  of  their  remainders,  we  can  obtain  a  better 
approximation  to  the  position  of  Jupiter  VIII,  so  far 
as  the  perturbations  by  the  Sun  arc  concerned. 

Denoting  by  n',  a',  e'  the  mean  motion,  mean  dis- 
tance and  eccentricity  of  the  planet,  by  n,  a,  e  the  cor- 
responding elements  of  the  satellite,  and  by  i  the  angle 
between  the  planes  of  their  orbits,  the  approximate 
numerical  values  of  the  parameters  are 


m  =  n'/n 

e 

e' 

sin  }4  i 

a/a' 

Moon 

.075 

.0.5.5 

.017 

.045 

.0025 

Jup.  VIII 

-.017 

.1 

.048 

.25 

.03 

Delaunay  has  taken  his  theory  to  the  seventh  order 
of  small  quantities  on  the  approximate  basis  of  treat- 
ing .1  as  a  small  quantity  of  the  first  order.  The 
slowest  part  of  the  convergence  in  the  case  of  Jupiter 
VIII  would  therefore  seem  to  be  that  along  powers  of 
e.  But  the  numerical  coefficients  along  powers  of  m 
increase  so  rapidly  in  many  cases  that  the  difficulty 
here  is  even  greater;  for  many  coefficients  the  rate  of 
convergence  appears  to  be  similar  to  that  of  a  geometric 
series  wdth  ratio  4/.'(.     For  the  Moon,  this  ratio  is  .3, 


for  Jupiter  VIII  it  rises  to  .7  and  sometimes  higher,  so 
that  the  series  are  defective  for  accurate  numerical 
computation. 

This  similarity  to  a  geometric  series  is  noticeable  in 
so  many  coefficients  that  it  suggests  we  should  try  to 
estimate  remainders  on  this  basis.  The  data  at  our 
disposal  are  as  follows.  We  have  from  Delaunay, 
the  value  of  any  coefficient  C  expressed  in  the  form 
Cp  =  S  Oi  m'  as  far  as  i  =  p,  suppose.  We  also  have 
from  my  theory  the  numerical  value  of  C  to  a  high 
degree  of  accuracy  for  m  =  .075 .  .  .  From  these  we 
obtain  C  —  Cp  when  m  =  .075.  .  .  The  assumption  is 
that  the  remainder  is  of  the  form  apk7n/{l  —  km),  so 
that  k  may  be  found.  The  complete  coefficient  can 
then  be  written 


(' 


«„  -f  a  on  -\- 


+  lip  k)n/{\.  —  km). 


in  which  any  value  of  m  may  be  inserted.  When 
k  =  4,  the  ratio  km/{l  —  /,■?»)  for  the  Moon  is  about  .4 
and  it  is  nearly  the  same  for  Jupiter  VIII. 

The  assumption  nay  be  used  by  substituting  the 
results  in  the  equations  of  motion,  that  is,  by  using 
them  as  a  first  approximation  to  the  coordinates  and 
then  finding  the  coi'rections  required — a  procedure 
which  should  lie  less  laborious  than  calculation  cb 
initio.  We  have,  of  course,  to  assume  that  the  results 
used  are  correct,  that  is,  that  Delaunay's  literal 
values  and  my  numerical  values  are  not  in  error  to 
such  an  extent  that  no  confidence  can  be  placed  in  the 
remainders.  In  certain  cases,  notably  in  the  terms 
with  factor  e-,  it  is  known  that  the  higher  powers  of 
?n  of  Delaunay's  series  have  wrong  numerical  coeffi- 
cients (E.  W.  Brown,  M.  N.,  vol.  LVII,  p.  33G; 
H.  Andover,  Bull.  Astr.  vol.  XVHl).  It  has  seemed 
worth  while  to  test  the  assumption  in  one  case  where 
it  can  bo  completed,  naniely,  for  thai  pari  of  tlie  mean 
motion  of  I  lie  ai)se  wliirii  depends  only  on  /;(. 

(1) 
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For  this  tost  we  ha-ve  the  literal  value  in  powers  of 
»),  =  ?)'/(«  —  ?)')  as  far  as  ?«i"  given  by  G.  W.  Hiu- 
(Annals  of  Math.,  vol.  IX,  p.  40),  the  complete  numer- 
ical value  with  »«,  =  .08084  89338,  also  hy  Hill 
(Motion  of  the  Perigee,  ramhridge,  1S77.  p.  40.  This 
paixM'  is  rc-printed  in  Ada  Math.,  vol.   ^'l!l.      ll   is  re- 


ferred to  below  as  "Perigee"  with  the  paging  of  the 
former  reference).  The  complete  numerical  value  with 
m  =  —1/0  or  M^i  =  —1/7  is  obtained  in  the  Appendix 
below.  The  data  from  these  various  sources  are 
shown  in  the  following  table  where  the  mean  motion  of 
the  apse  is  expressed  in  (he  form  /(  !"(/,»('. 


log  Oi 


2 

9.8700  613 

3 

0.7428  233 

4 

1.1120  304 

o 

1.6191  351 

0 

2.0971  263 

7 

2.6421  868 

8 

3.2293  137 

9 

3.8511  035 

10 

4.4894  959 

11 

5.1348  032 

Sum  =rp 

Complete  C 

C  -Cp 

log  «i+iA'i 

.8678 
.3098 
.5005 
.4780 
.5451 
.5871 
.0218 
.6383 
.64.53 


o,(.080.  .  .)' 

+  .001!) 

0241  25 

+   2!) 

2311  74 

+    5 

5377  53 

+    ] 

4371  65 

+ 

3492  79 

+ 

990  62 

+ 

309  53 

+ 

104  77 

+ 

3(1  83 

+ 

13  16 

+  .0085 

7249  87 

4-.  0085 

7257  30 

+ 

7  43 

fl.(-7)-' 

+  .0153  0612 

-  161   2609 
+      53  9814 

-  24  75-10 
+      10  6301 

5  3272 
+         2  9412 

1  7591 
+  1  0927 
6898 
+.0027  9156 
+.0028  1783 
+  2627 


Following  the  procedure  outlined  \\i'  ])ut 


743 


km\ 


with  wi  =  .08085,  giving  A-  =  4.463. 


1316  1   -  /,wi 

The  estimated  remainder  witli  «/,   =    —1/7  is  then 

+  0898  k/{l  +  A-)  =  2()85, 

in  units  of  the  eiglith  place  of  decimals.  As  tiie 
actual  difference  is  2027,  the  error  of  the  estimate  is 
only  58,  or  rather  more  than  two  [;er  cent  of  tlie  esti- 
mate. It  is  interesting  to  notice  that  th(>  value  of  /, 
obtained  in  this  way  is  almost  exactly  that  which  would 
be  deduced  from  the  third  column,  which  gives  the 
logarithms  of  the  ratios  of  successive  coefficients. 

This  partly  empirical  method  gives  a  good  n  suit  in 
the  case  of  one  difficult  series  but  it  is  doubtful  how- 
much  dependence  should  be  placed  on  it  for  obtaining 
all  the  coefficients  of  the  harmonic  terirs.  It  is,  in 
general,  only  useful  when  more  than  two  or  three 
])Owers  of  m  are  given,  and  is  therefore  not  dependable 
for  the  higher  powers  of  the  remaining  parameters. 
It  may  be  stated  here  that  sometimes  the  terms  de- 
pending on  the  higher  powers  of  the  other  parameters 
are  larger  in  the  case  of  Jwpiter  VI] I  than  those 
depeniling  on  the  lower  powers:  for  example,  in  the 
case  of  the  mean  motion  of  the  pcM-ijove,  the  remaining 
terms  (estimated  as  above)  apjii'ar  to  be  about    twice 


the  magnitude  of  those  just  calculated  and  of  the 
opposite  sign,  so  that  the  motion  is  in  the  opposite 
direction  to  that  of  the  satellite  \\ith  a  period  of 
about  800  years. 

A  tlieoretical  basis  for  the  iirocedure  adopted  above 
can  be  furnished  in  the  cases  of  certain  terms,  and 
notably  in  that  of  the  "cvcction,"  the  coefficient  of 
which  enters  into  those  of  many  other  periodic  term.s. 
I  ha^■e  shoAvn  elsewhere  (Av.er.  Jour.  Math.,  vol. 
X"\'II,  p.  35())  that  the  principal  divisors,  due  to 
integration  of  the  equations  of  m.otion,  of  a  term  with 
period  2-n/pn  are  contained  in  the  ixpress'on 


P-  \p- 


^r-\. 


where  m.  i  is  the  mean  motion  of  (he  apse,  and  has  the 
approximate  expression 


'■'>     „       225     ., 


)i   =  ( -^vir  +    r^  wr'  + 


For   (Ic  evection,  p  =  \  —  2  m  +  si,   so   (hat    the   ex- 
pression is 


4(1 


Bi)-  (1  —  w)  (m  +  fci). 


The  (Xi)ansion  of  the  inverse  of  a  divisor  of  this  kind 
indicates  how  huge  nunieiie;d  e(!e(firients  along  jiowers 
of    //(    max'    aiise.      liieideiit  all\-.    this    di\isor,    which    in 
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the  casi'  of  the  Moon  is  —.17,  becomes  +1.4  for 
Jupiter  VIII.  Hence  it  is  scarcely  a  "small"  divisor 
in  the  latter  case;  luit  if  we  expanded  its  inverse  in 
powers  of  m,  the  first  term  would  lie  —'^^ni  =  +1.5 
which  is  a  poor  approximation  to  1/1.4  =  .7.  A 
divisor  1  —  -iui  —  .  .  was  actually  found  in  the  case 
of  the  parallactic  inec|uality  (E.  A\'.  Bkowx,  M.  N., 
vol.  LII,  p.  77). 

Hill,  in  the  papers  referred  to  above,  pointed  out 
the  improved  convergence  which  comes  with  the  use 
of  the  parameter  nh  instead  of  ;//.  It  is  do\ditful, 
however,  if  the  improvement  gained  is  worth  the  labor 
of  transforming  all  Delaunay's  results.  In  any  case 
most  of  it  is  really  included  in  the  above  method  of 
estimation,  as  is  obvious  theoretically. 

Most  of  the  trouble  will  disapjiear  if  we  can  avoid 
the  expansion  of  divisors  due  to  integration.  Any 
method  but  that  of  using  numerical  values  from  the 
outset  appc^ars  to  introduce  complications  far  too 
great  to  be  useful.  The  objection  to  a  numerical 
theory  of  Jupiter  VIII  arises  from  the  fact  that  we 
do  not  know  the  constants  of  its  orbit  accuratelj^  and 
probable  changes  in  the  constants  will  necessitate  much 
recalculation.  I  hope  to  publish  later  a  method  by 
which  these  difficulties  are  solved  or  avoided.  A  pre- 
liminary calculation  shows  that  the  chief  assistance 
M'hich  can  be  furnished  by  estimates  from  Delaunay 
is  the  knowledge  of  the  orders  of  magnitude  of  the 
various  terms.  We  thus  know  in  advance  whether 
our  early  approximations  are  good  or  poor.  We  also 
know  what  terms  may  be  neglected  and  what  should 
be  retained.  Valuable  information  is  already  gained 
by  knowing  that  the  mean  motion  of  the  perijove  is  so 
small.  The  first  approximation  to  the  "variation" 
and  "evection"  gives  their  values  within  ten  per  cent. 


APPENDIX 

Calculation  of  the  part  of  the  perijove  of  Jupiter 
VIII  which  depends  only  on  the  mean  motions  of  the 
satellite  and  of  Jupiter. 

The  material  for  this  calculation  is  contained  in 
"Researches  in  the  Lunar  Theory  "by  G.  W.  Hill 
{Amer.  Jour.  Math.,  vol.  I,  pp.  1-26,  129-147)  and  in 
the  paper  "PcM-igee"  referred  to  above.  All  these 
papers  are  found  in  his  collected  works,  but  the  page 
references  below  are  those  of  the  references  given. 

As  the  formuliP  in  "Perigee"  were  somewhat  trouble- 
some to  apply  in  the  forms  given,  I  translate  them  to 
real  quantities.  Hill's  w,  s,  f,  D,  m,  k  are  defined 
as  follows: 


T  =  nt  +  i  —  n't  —  (',       f  =  exp.  (y/—  1, 
d  . rf 

1)  =  t:  ~  =  -V-\ 


f/r 


dr  ' 


u  =  (.r  +  //V-  ijf,      -s  =  (x  -  yV-  1)<:    \ 
r-  =  .r-  +  /(-, 

?)(  =  n'/{n  —  n')  =  w,,      k  =-  (1  +  »)i}-H2,      o^n-  =  y.. 

Use  a  prime  mark  to  define  derivatives  with  respect 
to  T  and  put 

V-  =  2Q  -  2C  =   -Du  -  Ds  =  (x'  -  //)''  +  (//+  .t)^, 

2/(  =  glJn  -  uD.s  =  2.v(ii'  +  .r)  -  2?/  {.r'  -  y), 

2Y'  =  Du  -  /).s  =  2(,r'  -  y)  sin  t  +  2  (//'  +  .t)  cos  t, 

t'  =  x(.v'  -  y)  -  y(i/'  +  .r), 

■o'  =  xiy'  +  .r)  +  y  (x'  -  y). 

Then  (Perigee,  p.  8) 

A  =  ( -^  —  '2  mi-jh  —  2  wh^  (f'  sin  2t  +  ij'  cos  2t)  —  m^  F^ 


-^^? 


3mi-  T^  +  3  -fr4  +  '"r- 


The  differential  ecjuation  to  be  solved  is  (Perigee,  p.  13) 

-  w"  =  D-w  =  0  w 

=  (Oo  +  2  o,  cos  2t  +  2  f»„  cos  4r  +  .  .  .)u: 


(c  +  2jyb,  -  r.o,_i6, 


0 


(a) 


Where  i,  j  receive  all  positive  and  negative  values  and 
e_i  =  8;.  The  unknowns  are  c  and  the  bj,  and  the 
motion  of  the  perigee  is  given  by 


1  +  nn  I 


The  solution  is  best  carried  out  by  finding  an  approx- 
imate value  for  c  and  substituting  it  everywhere  in 
the  equations  (a)  except  in  the  term  (c^  —  Oo)  60  in 
the  equation  given  by  j  =  0;  the  fcj  are  then  eliminated 
and  a  value  for  c-  —  Oo  is  found,  whence  c  is  deduced. 
It  is  easily  seen  that,  for  the  degree  of  accuracy  needed 
here,  we  can  confine  our  attention  to  the  five  equations 
for  j  =  2,  1,  0,  —1.  —2,  retaining  only  the  five  un- 
knowns b-\,  b\.  b-2<  bi,  bo  and  eliminating  them  in  this 
order    (Perigee    j).    27).     The   approximate   value   of   c 
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was  obtained  from  tlio  liloral  sprios  frivcn  al)ove  and 
only  one  approximation  was  found  noeessary,  althouafli 
two  were  carried  out  for  the  sake  of  testing  the  work. 
The  principal  numerical  stejjs  will  now  be  given. 

The  values  of  .r,  ij  can  be  obtained  to  8  places  of 
decimals  from  the  .series  in  powers  of  '-lit  (Researches, 
p.  143)  where  ^\)i  =  —3/22  when  n'  /  n  =  —1/6,  as 
follows: 

X  =  (1  -  .0172  o  180  cos  2r  +.0000  20.''i6  cos  4r 

+  .0000  0027  cos  Ot)oo 
//  =  (     +  .0224  3(>2()  .sin  2r  +.0000  23 IT)  sin    Ir 

+  .0000  0024  sin  Orloo 


and  (p.  145) 

rto  =  .09ri7  0(i3firt, 


K  =  .7442  3925  On' 


I'Vom   these   we   deduce   for   the   fi\-e   sijecial    values 
0.  180,  90,  CO,  120  of  2-.  the  loHowin"-  results:  — 


2r 

0 

180 

90 

(JO 

120 


;-/  (/()- 

+   .9058  3550 

1.0348  4191 

1.0004  6225 

.9831   8031 

1.0176  8247 


K /;■■■' 

-.7840  7539 
.7069  7094 
.7437  2351 
.7034  1988 
.7249  2676 


+  1.0.562  4105 

.9457  3764 

.9999  1936 

1.0278  0087 

.9725  7261 


'(/  «o" 


r/«o- 


n'/na- 


0 

+  1.0100 

2731 

0 

+  1.0100 

2731 

180 

.9892 

8708 

0 

.9892 

8708 

90 

.9995 

9551 

-.0103 

6514 

1.0001 

3705 

60 

1.0047 

9567 

-.0094 

4852 

1.0051 

9863 

120 

.9914 

2()29 

-.0085 

0899 

.9948 

3551 

0 

+.8809  9076 

+ 

.4781  0682 

0  +.7064  6753 

180 

.8345  0261 

.9422  6444 

1  -.1159  3782 

90 

.8559  8575 

.7027  5439 

2  +.0018  5781 

60 

.8680  1545 

.5888  7352 

3  -.0001  0148 

120 

.8448  1963 

.8203  4345 

4  +.0000  0124 

An  estimate  of  the  value  of  O5  (  -10  in  the  eighth  place) 
has  lieen  su])tracted  from  Oi:  the  resulting  change  in 
c  is  only  one  unit  in  the  eighth  place. 

Thence  c  =  .8547  2750,  and 

Motion  of  perijove  =  +.0028  1783«. 


Yale  Univerfsily, 
1922. 


A   COMPARISON   OF  Cl^OCK   CORRECTIONS   DETERMINED   WITH 
LARGE   INSTRUMENTS, 

By  H.  R.  MOUG.VN. 

(Coinmuniratcd  by  Captain  W.  D.   MacDougall,  U.  S.  Navy,  .Superiii'ciulcnt,   U.  S.  Xaval  Ohsorvatoiy.) 


Recent  inter-comparisons  of  wireless  time  signals 
.show  rather  large  variations  in  the  time  sent  from  one 
observatory  as  compared  with  that  sent  from  others; 
and  suggestions  have  been  made  that  such  variations 
may  be  due  to  the  observations.  To  sec  how  far  this 
might  be  the  case  with  definitive  clock  corrections  used 
in  reductions  of  work  on  large  fixed  instruments,  the 
following  comparison  was  made  of  the  clock  corrections 
taken  within  a  few  hours  of  each  other  on  the  same 
night  with  the  9-inch  transit  circle  and  the  6-inch 
transit  circle  of  the  U.  S.  Naval  Observatory.  These 
instruments  are  permanently  mounted  in  identical  large 
buildings.  With  the  variable  screen  system  on  the 
9-inch  all  stars  were  observed  as  of  9th  mag.,  and  the 
transits  over  the  ten  fixed  threads  were  recorded  by 
kej^  and  chronograph.  With  the  screens  on  the  6-inch 
all  stars  were  observed  as  between  the  6th  and  9th 
mag's.,  and  the  hand-driven  travelling  threads  sent 
twenty   automatic   signals   to   the   chronograph.     Re- 


versing prisms  were  used  on  both  instruments.  The 
personal  equations  of  the  ten  observers,  observing 
under  these  conditions,  were  determined  from  measures 
on  the  personal  ecjuation  machines.  The  6-inch  was 
reversed  every  two  or  three  weeks,  and  the  9-inch 
three  or  four  times  a  year;  the  object  glass  and  eye 
end  of  the  6-inch  were  interchanged  in  June  1917; 
the  micrometers  were  off  at  differ(>nt  times;  a  printing 
chronograph  replaced  the  writing  chronograph  .with 
the  9-inch  April  1,  1914;  and  other  adjustments  were 
made  which  niiiiht  affect  fli(>  continuity  of  clock 
corrections. 

The  observing  programs  were  similar  and  the  same 
system  of  star  places,  and  stars  of  the  same  general 
declination,  between  +30°  and  —20°,  were  used. 
Azimuths  were  reduced  using  meridian  marks,  and 
levels  using  mercury  basins.  The  same  clock  was 
u.sed  on  both  chronographs  at  any  time,  and  the  three 
Riefler  clocks,  under  constant  temperature  and  pressure 
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Differences  in  Ciock  Corrections,   (9-inch — 6-inch) 


CI; 

;inij) 

Year 

No. 

9" 

6" 

1913.85 

4 

E 

E  I 

.88 

12 

W 

.93 

14 

E 

.97 

12 

W 

1914.03 

8 

E 

.06 

10 

E 

W 

.11 

4 

W 

E 

.13 

3 

W 

.16 

3 

E 

.17 

4 

W 

.18 

2 

E 

.19 

6 

W 

.22 

4 

E 

.20 

6 

W 

.30 

6 

E 

.33 

1 

W 

W 

.37 

8 

E 

w 

.43 

8 

E 

.50 

8 

W 

.55 

4 

E 

.05 

10 

W 

.70 

4 

E 

.76 

8 

W 

.81 

9 

E 

E 

.89 

9 

W 

E 

.97 

7 

W 

1915.01 

7 

E 

.04 

4 

W 

.07 

4 

w 

E 

.26 

7 

E 

E 

.30 

6 

E 

W 

.44 

2 

W 

E 

.46 

3 

W 

.48 

4 

E 

.52 

7 

W 

.56 

5 

E 

.69 

4 

W 

.72 

16 

E 

.79 

17 

W 

W 

.84 

6 

E 

E 

.87 

8 

W 

.90 

6 

E 

.96 

12 

W 

1916.04 

12 

E 

E 

.10 

3 

W 

E 

.15 

9 

W 

W 

.44 

3 

E 

E 

.47 

4 

W 

.53 

5 

E 

AT 

Clamp  Diff. 

9"-lV' 

6",  (W-E) 

-0.017 

+   46 

-0.063 

1 

-   47 

+      72 

-   73 

-    9 

-   81 

+   60 

—   75 

+   39 

+    134 

-   95 

-1-   39 

-   95 

+  146 

-  1 07 

+    4 

-  142 

-1-  138 

-  134 

+   28 

-  11(1 

+  107 

7it 

+   20 

-   81 

+   96 

+      35 

-   33 

-   68 

+  113 

-  140 

+   18 

-   95 

+   78 

-   00 

-   25 

-  103 

+   74 

-   99 

-  105 

-  179 

+   18 

+  1 63 

-  145 

-   12 

-  175 

+  162 

-  174 

+   28 

-  134 

-   52 

+   96 

-  148 

8 

-f  130 

-  144 

+   12 

-  124 

+     135 

-  123 

+   18 

-  117 

-1-   90 

-   72 

-   29 

-  119 

+     121 

-  1 50 

-   38 

+   33 

-   71 

-  123 

+    8 

-  131 

-  121 

-  129 

-   ()2 

4-   96 

-  158 

-   82 

+   35 

-  117 

-   95 

-  130 

A2'  Clamp  Diff.  AT  Corr'd 

!)"-K(W+E)t)"  i)",  (W-E)  9"-(;" 

+0.027 

-  24 

+  43 

+  2 

+  35 

V,„   +0.025                 -  4 

+  23 

■-  .  +  4 

+  23 

+  16 

-  12 

+  8 

+12 

-  23 

+  10 

W,,   +0.078  +0.053  -  34 

-  35 

+  11 

+  43 

E,s    +0.027  +0.051  +  62 

+  8 

+  19 

+  4 

E.„     +0.001                -  61 

+  2 

+  33 

-  28 

+  32 

W:„  +0.080  +0.079  +  12 
-  8 

F,3    +0.021  +0.059  +  26 

-  24 

+  6 

-  4 

+  5 

W.,,    +0.073  +0.052  +  2 

-  40 
-  45 

Ws;   +0.045               -  9 

+  6 

Fh     -().()()5  +0.050  Ji; 37 

-  21 

^  4 

V:„     -0.058               -  19 

-  20 

W,.,   +0.028  +0.086  +  24 

+  20 

+  23 

+  7 
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Year 


No. 


.58 

1 

.68 

4 

.72 

2 

.78 

3 

.81 

2 

.83 

4 

.89 

4 

.93 

1 

.99 

2 

1917.04 

3 

.18 

2 

.21 

4 

.2(i 

8 

.33 

3 

.39 

") 

.47 

1 

1918.09 

5 

.10 

6 

.22 

5 

.32 

3 

1918.47 

1 

("1 

imp 

SI" 

l>" 

K 

\\' 

W 

w 

W 

\\ 

!•: 

\\- 

K 

AV 

K 

W 

W 

\\ 

\\ 

K 

E 

\\ 

K 

W 

^\• 

A\- 

E 

W 

F. 

A\ 

W 

_ 

36 

+ 

^2 

- 

58 

+ 

76 

+ 

33 

- 

93 

+ 

4 

- 

88 

+ 

8 

- 

83 

+ 

03 

- 

02 

+ 

84 

- 

07 

_ 

57 

+ 

119 

- 

30 

+ 

78 

- 

28 

+  0.008 

(■l;iM  |.  DitT.  AT 

(■)",  (W-K)  '.)"-,V^(W  +  K)(l" 

a  s 

K,.i     -0.034 


I  10 
134 


12(i 

97 


14() 
1 25 

1  t(i 


02 


-     Ill 

-o.;(.o 


Wa     +0,004 


-0.041 


W,;     +0.00S 

Ks      -  0.043 


("l:im|)  Dili 

9".  (W-K) 

+  0.002 


+  0.038 


+  0.045 


+  0.049 
+  0.051 


A'/'  Corrd 

-  48 

-  20 
10 

+  4 
+  21 
+  9 
8 
14 
4 
41 
9 
20 
12 
+  35 
17 

-  74 
+  42 
+  11 
+  1 
+  19 
-0.009 


+ 


+ 


served  as  staiulards  at  diffc^rent  times.  I'lic  cUxdv 
beats  were  distributed  to  the  chronographs,  before 
November  20,  1915,  from  points  of  a  7-poi7it  relay 
operated  by  the  clock  circuit,  and  after  that  cUxte  b,y 
two  systems  of  secondary  relaj's  operated  by  two 
primary  relays  which  replaced  the  7-point.  These 
new  relays  were  variously  adjusted  to  suit  the  con- 
venience of  the  several  chronograjjhs.  and  this  change 
of  relays  introduced  a  dis<'ontinuity  of  0\044  in  the 
relative  clock  corrections  of  the  two  instrunuMits  at 
that  time. 

During  the  five  years,  1913.5-1918.5  there  were  397 
clock  corrections,  determined  nearly  simultaneously  on 
the  two  instruments,  which,  when  corrected  for  per- 
sonal equation  and  difference  in  longitude,  were  lun 
together  with  definitive  rates,  and  their  differences 
taken.  The  differences  in  the  clock  corrections  from 
the  two  instruments  vary  as  much  as  0".2,  or  more,  in 
short  intervals,  but  it  was  at  once  seen  that  this  varia- 
tion was  due  to  the  clamp  i)ositious  of  the  instruments, 
and  group  means  were  formed,  therefore,  according  to 
clamps  as  given  in  column  4  of  the  table.  From  these 
means  were  formed,  first,  the  differences  given  in  col- 
umn 5,  which  represent  the  changes,  or  discontinuities, 
in  the  clock  corrections  produced  by  reversal  of  the 
6-inch  transit  circle.  The  means  in  column  6  are 
freed  from  this  6-inch  clamp  term  and  their  differ- 
ences,  given   in   column    7,   rejjresent    the   changes,   or 


(Uscontinuities  in  the  clock  corrections  produced  by 
reversal  of  the  9-inch  transit  circles.  These  clamp 
terms  are  for  the  equatorial  region  only,  those  at  the 
zenith  are  different.  When  corrected  for  clamp  terms 
of  both  instruments,  the  mean  of  the  differences  in  the 
clock  corrections  was  +0*.043  before  November  20, 
1915,  ant!  — 0\015  after  that;  and  the  residuals  from 
these  means  are  given  in  the  last  column  of  the  table. 
Of  the  397  individual  residuals  only  four  are  as  large 
as  0\ 1 . 

It  appears  that  these  instruments  held  closely 
together  for  the  five  years,  the  noticeable  features  of 
the  comparison  being  the  change  with  change  of  relays, 
and  especially  the  clamp  terms,  which  must  be  taken 
account  of  in  absolute  time,  or  longitude  work.  Now 
this  latter  cannot  be  done  when  preliminary  reductions 
have  to  be  made  for  a  time  signal  sent  a  few  hours 
after  the  observations  have  been  made.  While  from 
previous  work  a  mean  value  of  the  clamp  term  might 
be  used,  \-('t  from  an  inspection  of  the  (luantities  in  the 
fifth  coluinn  of  tlic  table  it  is  seen  that  the  change 
with  clamp  itself  \ari('s  more  than  0\1.  Hence 
changes  of  this  si/e  are  liable  to  occur  in  the  time  sig- 
nals as  sent  from  preliminary  clock  corrections  deter- 
mined with  these  instruments,  as  will  be  shown  also 
in  a  later  paper,  and  it  would  seem  that  a  part,  at  least, 
of  the  discordances  found  in  the  comparisons  of  sig- 
nals  from   different    observatories   mav   be   due   to   the 
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observations.  However,  the  above  comparison  shows 
that  by  using  two  instruments  it  is  possible  by  defini- 
tive reductions  to  find  later  the  proper  corrections  to 
signals   as  sent,   and   to   reduce   their   uncertainties  to 


0'.02  or  0".03  as  far  as  the  observations  go.  Such 
procedure  may  be  followed  in  longitude  work,  and  the 
fixed  instruments  of  obfservatories  used  for  such  work. 


SECOND   NOTE   ON   TAYLOR'S   COMET,    19161, 

Bv  II.  M.  .JEFFERS. 


In  Astronomical  Journal,  No.  794,  there  was  a  note 
on  the  return  of  this  comet,  \\ith  a  short  ephemeris  for 
the  period  during  which  it  was  visible.  There  is  no 
record  of  its  having  been  found  at  this  time. 

This  comet  is  again  in  position  for  observation  in 
the  early  part  of  1923.  "While  it  will  be  faint,  it  should 
be  within  the  range  of  a  large  telescope.  It  is  very 
desirable  that  some  positions  of  the  comet  be  obtained 
at  this  time,  if  the  motion  is  to  be  followed.  A  pre- 
liminaiy  investigation  has  shown  that  during  the 
present  revolution  it  will  pass  quite  close  to  Jupiter. 
It   will   be   at  aphelion  in   August,    1925.     For  a  year 

EPHEMERI8    FOR    GrEKNWICH    ]\Ie.\N    MiDNK.HT 


a  (1920.0)       S  (1920.0) 


1923  .Ian. 
Feb. 

Mar. 
Apr. 
.Mav 


23 
31 

S 
16 
24 

4 

12 
20 
28 

5 
13 
21 
29 

7 
15 
23 
31 


15  18.4 
26.5 
33.4 
39.0 
43.1 
45.7 
46.7 
46.0 
43.7 
39.8 
34.7 
28.3 
21.5 
14.2 
7.2 
15  0.9 
14  55.0 


-2  35 

2  29 

2  16 

1  55 

1  2S 

0  .54 
-0  16 
+  0  26 

1  10 

1  53 

2  33 

3  7 
3  35 

3  55 

4  0 
3  56 

+  3  42 


leg  r 

0.4092 
0.4251 
0.4405 
0.4550 
0.4687 
0.4819 
0.4945 
0.5064 
0.5178 


log  A 

0.4194 
0.3998 
0.3787 
0.3581 
0.3413 
0.3327 
0.3364 
0.3532 
0.3821 


and  a  half  around  this  time  the  distance  comet-Jitpiter 
will  be  less  than  one  astronomical  unit,  and  for  three 
months  it  will  be  under  three  tenths  of  an  astronomical 
unit. 

The  elements  upon  which  the  ephemeris  is  based 
are  given  in  Lick  Obf:eri<aiory  Bulletin  334.  They  are 
those  of  component  (B),  ba.^^ed  upon  a  least  squares 
solution  using  a  large  number  of  observations.  The 
perturbations  since  1916,  January  21,  have  not  been 
applied.  Since  during  the  past  revolution  the  comet 
did  not  pass  near  Jupiter  we  may  expect  the  perturlia- 
tions  to  be  small. 

The  following  table  gives  the  corrections  to  be  applied 
to  the  above  ephemeris,  on  the  two  assumptions  that 
the  perihelion  passage  occurs  8  days  before,  and  8 
davs  after.  1922  June  13.5,  the  undisturbed  time. 


T 

=  1922 

J 

Line  5.5 

T 

=  1922 

June  2 

Aa 

d5 

An 

Ad 

Jan.    23.5 

+  4.6 

-28 

-4.9 

+  32 

Mar.  28.5 

+  5.3 

-42 

-5.8 

+47 

IMav  31.5 

+  5.8 

-37 

-6.4 

+  42 

The  magnitude  will  he  17.5  on  April  13,  1923, 
according  to  the  estimate  of  brightness  made  by 
Professor  Barnard  at  the  last  observation  in  1916. 
Estimates  of  brightness  made  near  perihelion  in  1910 
indicate  a  magnitude  of  15  for  the  date  above. 


Idwa  State  Unii'trsily, 
December  15,  1922. 


THE   PARALLAX   OF  B.  D.   39°  (4694)   USING  TWO   SETS  OF 
CO^IPARISON   STARS, 

Bv  L.\LR.\  E.   HILL. 


The  field  of  /)'.  7).  39°  (4694),  niagnilude  8.(),  is  rich 
in  stars.  Hence  it  offers  an  excellent  opportunity  for 
testing  the  effect  (if  the  distance  iif  coinjiarisoi.  stars 
on  the  di'teiiiiiiied  pai-aiiax.  Two  sets  of  c()in])nrison 
stars  (if   fiiur   each    wcvo  chosen.   siluale(l   as  siniwii   on 


Diagram  I.  The  mean  magnitude  of  the  near  stars 
is  9.2  at  the  average  distance  from  tiie  parallax  star  of 
347".  The  mean  magnitude  of  the  distant  stars  used 
is  9.0,  at  an  avcM-age  distance  of  1288".  Sixteen 
plates,    repi-esenting   seven    different    epochs   extending 
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Sets  nf  com/Jariion  sfdrs 
BD  3S^(46S>^) 

Inner  ict  ijives    if'  OlbsS   fi.'0'4l4^ 
Oittey   set  0i>es     r^o'068  yu.=  O'i-23 


IMagnim   I 

from  Noveinhcr  11,   UI19  to  Xov<'ml)cr  22,  1922,  \v<-rc 
measured.     The  results  olitained  were  as  follows: 

Relative  Proper- 
Motion  in  R.  A. 


Near  Comp. 
Stars 
Distant  Comp. 
Stars 


Kclativc  Parallax 

+  ()".()')<)  ±()".0()8      +0".41l  ±0".007 
+  0   .068  ±0   .009      +0   ,429  ±0   .008 


■J 

-/• 

/^' 

. 

^ 

/  ^ 

/ 

/\ 

iA 

/       Pdnlldx  a 

of   BD 

jd  Proper  Hoticn 

39'(4b9f) 

• 

/■ 

m     {List^nt    eimjo&rison   stari 

1 

^ 

3 

3 

Diagram   II 

The  similarity  of  the  results  is  further  shown  bj' 
Diagram  II.  The  dots  and  circles  represent  observed 
values;  the  curves  are  computed  from  the  values 
given  above. 

The-  two  sets  of  comparison  stars,  radically  different 
in  distribution,  arc  seen  to  give  ciuite  accordant  values. 

Dearborn  Observatory, 
9,  January,  1923. 


OC'CULTATION   OF   VENUS, 

Bv  H.VROLD  L.   ALDEN   and  J.   W.   BLINCOK 


The  H'cent  occultation  of  Wniun  was  observed  with 
the  twenty-six  inch  refractor  and  the  five  inch  finder 
of  the  I.cander  McCormick  Observatory.  The  seeing 
was  poor  —  one  to  two  on  a  scale  of  five.  Conse- 
quently the  times  of  contact  of  the  north  cusp  at 
immersion  and  the  south  cusp  at  emersion  are  subject 
to  considerable  uncertainty.  The  chronometer  correc- 
tion was  determined  by  comparison  with  the  wireless 
signals  from  Arlington  at  noon  on  January  12  and  15. 

The  observed  Greenwich  Mean  Times  of  the  various 
phenomena  arc  as  follows:  — 


Immersion                A 

LDEN  (26  inch) 

BuNcoE  (5  inch) 

Contact  south  cusp 

Jan.  12  23  25 

13 

25  13 

north  cusp 

26 

33(?) 

26  12(?) 

limb 

26 

51.5 

26  52 

Emersion 

Contact  north  cusj) 

Jan. 13     0  25 

37 

25  38 

south  cusp 

27 

03(?) 

limb 

27 

21 
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OBSERVATIONS   OF   THE   SATELLITES   OF  SATURN,    1914-15, 

WITH   THE   26-IX(:H    refractor   of   the    0.  S.   NAV.\I,   OBSERV.^TORY, 

By  ASAPH   HALL. 

[Communicated  by  CvXJPTAIx  ^\'.  D.  MacDougall,  \J.  S.  Navy,  Superinteudent  of  U.  S.  Naval  Observatory.] 


Date 

W.  M.  T. 

/' 

W.  M.  T. 

s 

Comp. 

Seeing 

Power  and 
Ilium. 

Remarks 

Minuis-Teihys 

h       m       s 

o 

h       m       s 

,, 

1914   Oct. 

2 

15  30  18 

62.64 

15  31  44 

21.63 

2,2 

2 

367b,  Brt. 

Moonlijj'ht. 

Nov. 

'Jb 

12  13  16 

265.99 

12   13  24 

80.11 

2,2 

2 

367b,  Red 

23 

12  33  10 

264.41 

12  33  25 

81.20 

2,2 

2 

367b,  Red 

Dec. 

12 

10  11   16 

259.68 

10     9     7 

80.58 

2,2 

2 

367b,  Red 

Haze.     Mimas  went  out. 

15 

16     9  30 

54.74 

16     8  40 

42.08 

2,  2 

2 

388,     Red 

15 

16  24  38 

52.07 

16  23  11 

40.63 

2,2 

2 

388,     Red 

27 

10  48  48 

266.28 

10  49     4 

81.45 

2,2 

2 

367b,  Red 

27 

11     7     0 

264.81 

11     8  54 

81.63 

2,2 

2 

367b,  Red 

ini.-)  .Ian. 

4 

11   29   18 

122.73 

11  29  26 

34.76 

2,2 

2 

388,     Brt. 

4 

11   47  33 

119.62 

11   47  54 

35.56 

2,2 

2 

388.     Brt. 

4 

12  55     8 

109.21 

12  55   16 

38.51 

2,2 

2 

367b,  Red 

4 

13   16  56 

107.44 

13  17   18 

38.51 

2,2 

2 

367b,  Brt. 

13 

9  27  46 

270.03 

9  29  26 

79.00 

2,2 

2 

367b,  Brt. 

13 

9  44   18 

268.36 

9  43  10 

79.77 

2,2 

2 

367b,  Brt. 

29 

9  59  32 

94.92 

9  49  36 

17.08 

2,2 

3-4 

367b,  Red 

29 

10  43     2 

95.09 

10  43  15 

18.41 

2,2 

3-4 

3671),  Red 

Haze.     Clouds 

Feb. 

17 

8  50   12 

100.34 

8  42  47 

22.26 

2,2 

2 

367b,  Red 

Mimiis  very  faint.   Haze. 

:\Iar 

13 

8     4   17 

145.12 

8     1  59 

20.54 

2  ,  2 

2 

367b,  Red 

13 

8  31     6 

138.40 

8  24  18 

20.83 

2,2 

2 

367b,  Red 

il 

liinas-Rhea 

1914  Nov 

23 

13  44  19 

35.42 

13  43  19 

36.67 

2,  2 

2 

367b,  Brt. 

23 

13  57  26 

35.36 

13  56  42 

36.30 

2,2 

2 

367b,  Brt. 

Dec. 

15 

15  24  32 

82.04 

15  26  14 

119.99 

2,2 

2 

3671),  Red 

15 

15  43  46 

81.03 

15  46  20 

119.98 

2,2 

2 

3671),  Red 

18 

11  35  26 

195.13 

11  33  53 

40.22 

2,2 

2 

388,     Brt. 

First  half  wilb  power  367b. 

(9) 
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Diite 

W.  M.  T. 

/' 

W.  M.  T. 

s 

Com  p. 

Seeing 

Power  and 
lUum. 

Remarks 

Mimas-Rhea   (Continued) 

1914   roc. 

18 

h       m       s 

11    53     7 

192.84 

h       m       s 

11   50  52 

38.88 

2,2 

2 

388,     Brt. 

1915  Jan. 

4 

9  49  25 

281.31 

9  49  39 

50.87 

2,2 

2 

367b,  Red 

4 

10   11    54 

282.10 

10    12   18 

50.66 

2,2 

2 

367b,  Red 

4 

12   15  30 

284.01 

12   15  41 

55.41 

2,2 

2 

367b,  Red 

4 

12  33  34 

283.88 

12  34  32 

56.72 

2,2 

2 

367b,  Red 

4 

14    14  34 

282.31 

14   17  41 

67.11 

2,2 

2 

367b,  Red 

4 

14  37     4 

281.67 

14  37  51 

69.48 

2,2 

2 

367b,  Red 

Mi'iiuis  very  faint. 

5 

8  30  36 

219.53 

8  28  37 

47.84 

2,2 

2 

388,     Brt. 

Mimas  faint.     Slopped 

13 

10     4     5 

275.67 

10     2  38 

109.44 

2,2 

2 

367b,  Brt. 

[by  haze. 

14 

9  12     8 

246.64 

9  22  51 

97.46 

1  ,2 

2 

367b,  Brt. 

Cloudctl. 

15 

8  24  28 

148.36 

8  18  38 

41.18 

2,2 

3 

367b,  Red 

Miin(i.s  very  faint. 

Mar 

12 

8  13  47 

40.38 

8  12  48 

48.06 

2,2 

3 

367b,  Red 

12 

8  39  34 

38.20 

8  38  34 

47.94 

2,2 

3 

367b,  Red 

13 

9     5     4 

277.21 

9     8     4 

54.06 

2  ,  2 

2 

367b,  Red 

13 

9  38  12 

277.54 

9  38  54 

56.45 

2  ,  2 

2 

367b,  Red 

Eiic 

eladuiy-Telbijs 

1914  Sept 

2G 

14  48  49 

109.18 

14  48     8 

57.82 

2,2 

3 

388,     Brt. 

28 

13  39     0 

98.40 

13  39  59 

6.71 

2.2 

2-3 

388,     Brt. 

28 

14     1   50 

102.15 

14     3  12 

6.50 

2,2 

2-3 

388,     Brt. 

Oft. 

1 

14  51     9 

260.93 

14  52     6 

78.45 

2  ,  2 

2-3 

367b,  Brt. 

1 

15  23  33 

258.68 

15  23  58 

77.36 

2  ,  2 

2-3 

3671),  Brt. 

2 

14   10  50 

62.62 

14     9  38 

41.19 

4,4 

2 

367b,  Brt. 

Moonlight. 

18 

15     2     7 

269.41 

15     3  33 

8.83 

2,2 

3 

367b,  Brt. 

18 

15   18   11 

267.60 

15  18  21 

8.80 

2.2 

3 

367b,  Brt. 

19 

15     5  22 

103.43 

15     8  26 

42.93 

2.2 

2 

388,     Brt. 

19 

15  20  39 

101.71 

15  26  30 

44.22 

2,2 

2 

388,     Brt. 

27 

12  58     2 

304.87 

12  56  50 

31.75 

2,2 

3 

388,     Brt. 

27 

13  39  21 

298.28 

13  38  20 

34.03 

2,2 

3 

388,     Red 

30 

14  47  30 

142.77 

14  47  54 

40.55 

2,2 

3 

388,     Brt. 

30 

15     1   50 

139.27 

15     3  10 

42.10 

2,2 

3 

388,     Brt. 

31 

14     3  48 

283.37 

14     3  30 

67.50 

2,2 

2 

388,     Brt. 

31 

14  17     0 

282.23 

14  17  18 

69.16 

2,2 

2 

388,     Brt. 

Nov 

2 

12  24  31 

272.72 

12  23  32 

8.80 

2,2 

3 

388,     Brt. 

2 

13     2  32 

275.29 

13     1  42 

8.09 

2,2 

3 

367b,  Brt. 

Encelndus  v.  ft.     Haze. 

5 

12  18     3 

84.15 

12  19  22 

85.31 

2,2 

2 

388,    Red 

5 

12  39  42 

82.52. 

12  40  34 

84.83 

2,2 

2 

388,     Red 

Haze. 

6 

14  22  31 

228.49 

14  18  58 

33.88 

2,2 

2 

388,     Brt. 

6 

14  43  40 

225.14 

14  43  56 

31.65 

2,2 

2 

388,     Brt. 

Moonlight. 

9 

13  54  22 

72.62 

13  57   14 

78.46 

2,2 

3 

367b,  Brt. 

9 

14  10  56 

71.40 

14   10  48 

78.32 

2,2 

3 

3671),  Brt. 

11 

11  42  32 

1.73 

11   42     1 

25.49 

2,  2 

2 

388,    Brt. 

N""*-  818-819 
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Comp.    Seeing     P°T„f"^' 


Ilium. 


Enceladufi-Tethy.'i  (Continued) 


1914  Nov.  11 
16 
16 
17 

17 

21 
21 
22 
22 
23 


Dec 


1915  .1: 


23 
16 
16 
21 
21 

4 
4 
9 
9 
13 

13 
15 
15 
21 
21 

10 
10 
17 
17 
18 

18 
13 
27 
27 
31 
31 


1914  Sept.  26 

26 

Oct.    19 

19 

21 


FpI 


.Ma 


12  6  30 

354.44 

12  18  53 

99.21 

12  33  49 

98.02 

13  28  8 

294.44 

13  40  56 

295.32 

11  52  26 

75.63 

12  20  12 

73.68 

12  23  58 

78.84 

12  42  5 

78.61 

11  30  42 

296.61 

11  49  6 

294.24 

14  6  21 

114.20 

14  23  27 

112.38 

12  26  30 

269.84 

12  40  58 

268.55 

9  4  38 

204.15 

9  18  53 

200.21 

9  39  18 

287.92 

9  55  35 

285.93 

8  29  56 

287.68 

8  45  58 

286.01 

10  32  19 

227.92 

10  46  32 

225.38 

9  16  22 

136.56 

9  38  36 

136.96 

8  47  35 

283.58 

9  8  8 

281.93 

10  34  53 

88.03 

10  55  10 

86.84 

9  16  49 

253.97 

9  39  6 

252.24 

10  12  4 

247.43 

7  34  40 

24.62 

7  56  16 

23.71 

7  51  11 

306.40 

8  13  12 

302.37 

3  52  45 

242.96 

4  15  1 

240.23 

3  6  23 

340.50 

4  15  36 

326.50 

4  27  30 

172.51 

12  6  20 

25.08 

2,2 

2 

12  19  4 

48.45 

2,2 

3 

12  34  48 

48.75 

2.2 

3 

13  28  44 

6.11 

2,2 

2 

13  39  50 

5.72 

2,2 

2 

11  51  29 

54.65 

2  ,  2 

2 

12  20  18 

52.98 

2,2 

2 

12  24  42 

10.46 

2,2 

3 

12  40  6 

10.25 

2,2 

3 

11  32  24 

32.73 

2,2 

2-3 

11  48  35 

34.13 

2  ,  2 

2-3 

14  4  30 

36.22 

2,2 

3 

14  23  54 

37.27 

2,2 

3 

12  27  32 

54.14 

2,2 

3 

12  40  50 

53.89 

2,2 

3 

9  o  58 

44.16 

2,2 

2 

9  19  2 

42.86 

2,2 

2 

9  38  18 

67.75 

2,2 

2 

9  55  45 

70.12 

2.2 

2 

8  29  56 

63.06 

2,2 

3 

8  47  48 

65.67 

2  ,  2 

3 

10  32  2 

38.05 

2,2 

2 

10  45  12 

36.72 

2,2 

2 

9  16  42 

6.23 

2,2 

2 

9  38  52 

5.83 

2,2 

2 

8  45  58 

10.00 

2,2 

2 

9  10  8 

9.58 

2,2 

2 

10  33  10 

79.88 

2,2 

2-3 

10  57  16 

80.83 

2,2 

2-3 

9  13  42 

79.79 

2,2 

2 

9  39  8 

77.57 

2  ,  2 

2 

10  11  14 

38.97 

2,  2 

2-3 

7  33  40 

7.00 

2,2 

2-3 

7  53  47 

6.67 

2,2 

2-3 

7  49  22 

32.31 

2,2 

2-3 

8  13  44 

33.61 

2,2 

2-3 

Tethys-D 

ione 

13  51  1 

18.18 

2,2 

2-3 

14  16  0 

18.80 

2,2 

2-3 

13  4  51 

23.84 

2,2 

2 

14  16  41 

25.00 

2  ,  2 

2 

14  27  58 

25.57 

2,2 

3-4 

388.  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

367b,  Brt. 
367b,  Brt. 
388,  Brt. 
367b,  Brt. 
388,     Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 
388,  Brt. 
367b,  Brt. 
3671),  Brt. 
388,     Brt. 

388,  Brt. 
388,  Brt. 
388,  Brt. 
367b,  Red 
367b,  Red 

388,  Brt. 
367b,  Brt. 
388,  Brt. 
367b,  Brt. 
367b,  Brt. 

367b.  Brt. 

388,  Brt. 

388,  Brt. 

388,  Red 

388,  Red 


Remarksf 


Haze. 


Enceladus  fiiiiit. 


Enceladiifi  faint. 


First  '/>  witii   power  388. 
[Enceladus  faint. 


Enceladus  too  faint  to  fin- 
[ish. 


388, 

Brt. 

388, 

Brt. 

388, 

Brt. 

388, 

Brt. 

388, 

Brt. 

12 

T  11  E 

ASTRONOMICAL 

JOURNAL 

N°»-  818-819 

Date 

W.  M.  T. 

/' 

\\\  M.  T. 

s 

Comp. 

SeeiiiiJ 

Power  and 
Ilium. 

Kcinarks 

Tethys-Dione  {Continued) 

1914   O.i. 

21 

14  43  29 

168.69 

h       m       s 

14  42  25 

25.64 

2  ,  2 

3-4 

388,     Brt. 

28 

13  21  53 

295.90 

13  24  56 

61.52 

2  ,  2 

3 

388,     Brt. 

28 

13  46  1(5 

293.. 52 

13  48  22 

"64.44 

2,2 

3 

388,     Brt. 

Hazo. 

30 

13  19  10 

19.00 

13  22    IS 

16.35 

4,4 

3 

388,     Brt. 

30 

14  17  30 

6.22 

11    14    11 

43.46 

2,2 

3 

388,     Brt. 

30 

14  31  34 

2.43 

14   29     5 

43.03 

2  ,  2 

3 

388,     Brt. 

31 

12  36  18 

238.26 

12  36  20 

48..53 

2,2 

3 

388,     Brt. 

31 

12  49  58 

236.93 

12  50    12 

47.25 

2,2 

3 

388,     Brt. 

Nov 

2 

13  28  45 

61.31 

13  28  51 

38.39 

2,2 

3-4 

388,     Brt. 

2 

13  47  30 

60.14 

13  47  48 

38.09 

2,2 

3-4 

388,     Brt. 

3 

14     0  58 

256.04 

14     2  25 

87.92 

2  .  2 

3 

388,     Brt. 

3 

14  10  41 

255.16 

14    16    14 

88.02 

2,2 

3 

388,     Brt. 

Modiili^lit.      Haze. 

4 

13     1  40 

89.41 

13      1    50 

107.47 

2,2 

3 

388,     Brt. 

4 

13   13  50 

88.76 

13   13  27 

108.01 

2,2 

3 

388,     Brt. 

() 

12  44   11 

123.98 

12  43  24 

41.29 

2  ,  2 

2 

388,     Brt. 

() 

13      I  34 

121.39 

13     5   10 

42.32 

2,2 

2 

388,     Brt. 

M(H)lllitillt. 

<) 

13   17  22 

198.56 

13   14  40 

42.40 

2  ,  2 

3 

388,     Brt. 

'.) 

13  35   10 

194.03 

13  34  40 

41.30 

2!2 

3 

388,     Brt. 

11 

12  53  40 

249.26 

12  53  51 

93.94 

2,2 

3 

388,     Brt. 

13 

11   46  32 

285.20 

11   40  53 

22.06 

2,2 

3 

388,     Brt. 

13 

11   58  52 

284.79 

12     0  44 

22.00 

2,2 

3 

388,     Brt. 

10 

13  51   44 

293.88 

13  51  45 

76.56 

2,2 

3 

388,     Brt. 

1() 

14     5  59 

292.34 

14     6  57 

78.59 

2,2 

3 

388,     Brt. 

17 

11   47  53 

172.61 

11   46  .58 

47.27 

2  ,  2 

2 

388,     Brt. 

17 

12  13  29 

166.60 

12     5  30 

47.26 

2,2 

2 

388,     Brt. 

Haze. 

Dec 

14 

11   37   14 

204.. 53 

11   36   16 

10.87 

2,2 

3-4 

388,     Brt. 

14 

11   51  59 

263.42 

11   53     8 

17.37 

2,2 

3-4 

388,     Brt. 

lo 

13  35  46 

113.65 

13  35  42 

48.90 

2,2 

3 

388,     Brt. 

15 

13  45  58 

112.81 

13  46    10 

.50.13 

2,2 

3 

388,     Brt. 

22 

11  38  18 

274.08 

11   39  20 

95.21 

2,2 

3 

388,     Brt. 

2G 

12  14  28 

92.00 

12   15   18 

13.92 

2,2 

3-4 

388,     Brt. 

2(i 

12  28     6 

91.82 

12  27  49 

14.21 

2,2 

3-4 

388,     Brt. 

1915  Jan 

13 

11   44  34 

229.32 

11  45  38 

13.17 

2,2 

3 

388,     Brt . 

13 

11   59  57 

227.75 

12     0  39 

12.90 

2,2 

3 

388,     Brt. 

Ratlicr  faint.      Haze. 

15 

117     6 

39.94 

11     0  40 

52.00 

2,2 

2 

388,     Brt. 

15 

11   21    58 

38.12 

11   22  20 

51.27 

2,2 

2 

388,     Brt. 

20 

12     6   10 

87.73 

12     0  32 

39.88 

2  ,  2 

3 

388,     Brt. 

20 

12   19     4 

87.07 

12   18  .54 

40.85 

2,2 

3 

388,     Brt. 

21 

11    30  20 

287.78 

11   32  20 

65.87 

2,2 

3 

388,     Brt. 

21 

11   47  24 

286.67 

11    19     0 

67.91 

2  .  2 

3 

388,     Brt. 

29 

8  51   26 

285.34 

8  50  12 

88.11 

2,2 

3 

388,     Brt. 

29 

9     3  28 

284.51 

9     4  54 

89.74 

2,2 

3 

388,     Brt. 

N°-  818-819 
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Date 


W.  M.  T. 


W.  M.  T. 


Comp.    Seeing 


Power  and 
Ilium. 


Remarks 


Tethys-Dione  {Continued) 


1915  Feb.   9 

9 

19 

19 
20 
20 
21 
21 

27 

27 

Mar.  9 

9 

27 

27 

31 

31 

Apr.   1 

1 


1914  Sept.  28 

28 

Oot.  19 

19 

21 

28 
28 
30 
31 
31 

Nov.  2 
2 
3 
3 
4 


9  28 

4 

302.10 

9  44 

22 

300.05 

8  19 

48 

91.40 

8  34 

54 

90.36 

10  34 

36 

320.57 

10  50 

37 

317.85 

10  17 

2 

197.28 

10  33 

14 

193.51 

9  0 

41 

106.17 

9  15 

12 

105.00 

9  24 

26 

219.09 

9  44 

20 

219.93 

8  16 

10 

314.25 

8  30 

40 

312.41 

9  20 

42 

216.15 

9  40 

15 

213.01 

7  26 

7 

69.10 

7  46 

4 

67.87 

7  52 

52 

329.90 

8.  6 

27 

326.80 

9  28  18 

9  44  45 

8  20  54 

8  35  50 
10  33  32 
10  49  43 
10  16  40 
10  32  38 

9  1  24 
9  16  1 
9  24  33 
9  44  14 
8  16  23 

8  30  54 

9  23  40 
9  39  26 

7  26  1 

7  47  54 

7  51  48 

8  6  46 


64.40 

2 

2 

3 

388, 

Brt. 

66.37 

2 

2 

3 

388, 

Brt. 

13.96 

2 

2 

2 

388, 

Brt. 

14.15 

2 

2 

2 

388, 

Brt. 

32.44 

2 

2 

2 

388, 

Brt. 

33.54 

2 

2 

2 

388, 

Brt. 

46.85 

2 

2 

3 

388, 

Brt. 

46.24 

2 

2 

3 

388, 

Brt. 

74.06 

2 

2 

2-3 

388, 

Brt. 

75.50 

2 

2 

2-3 

388, 

Brt. 

8.85 

2 

2 

3 

388, 

Brt. 

8.31 

2 

2 

3 

388, 

Brt. 

14.08 

2 

2 

2-3 

388, 

Brt. 

14.00 

2 

2 

2-3 

388, 

Brt. 

53.60 

2 

2 

2-3 

388, 

Brt. 

52.12 

2 

2 

2-3 

388, 

Brt. 

04.24 

2 

9 

2 

388, 

Brt. 

62.40 

2 

2 

2 

388, 

Brt. 

35.51 

2 

2 

3 

388, 

Brt. 

36.01 

2 

2 

3 

388, 

Brt. 

14 

31 

-51 

228.35 

15 

1 

43 

226.33 

15 

51 

10 

271.46 

16 

12 

11 

270.61 

13 

56 

7 

176.60 

14 

57 

0 

293.87 

15 

28 

16 

291.68 

12 

47 

6 

112.84 

13 

5 

42 

88.46 

43 

19 

14 

88.19 

14 

4 

24 

251.96 

14 

17 

24 

251.85 

13 

29 

38 

240.52 

13 

44 

36 

239.50 

13 

26 

57 

93.52 

13 

41 

13 

93.14 

14 

14 

18 

349.67 

14 

38 

59 

346.19 

12 

44 

29 

88.60 

12 

58 

12 

88.49 

Tethys-Rhea 

14  31 

41 

38.49 

2,2 

3 

15  2 

24 

38.80 

2,2 

3 

15  54 

0 

119.90 

2,2 

2 

16  12 

37 

119.88 

2,2 

2 

13  55 

41 

38.71 

4,4 

3 

14  59 

23 

87.37 

2,2 

3 

15  40 

2 

92.48 

2,2 

3 

12  47 

22 

29.64 

4,4 

3 

13  6 

28 

105.49 

2,2 

3 

13  19 

11 

105.85 

2,2 

3 

14  4 

34 

48.01 

2,2 

3 

14  19 

14 

46.75 

2  .  2 

3 

13  29 

41 

69.47 

2  ,  2 

3 

13  44 

20 

69.21 

2  ,  2 

3 

13  27 

8 

127.84 

2  ,  2 

3 

13  40 

58 

128.07 

2,2 

3 

14  12 

42 

32.10 

2,2 

2 

14  37 

10 

31.80 

2,2 

2 

12  44 

22 

43.40 

2  ,  2 

3 

12  59 

3 

.  44.11 

2  ,  2 

3 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 


388 
388 
388 
388 


388 
388 
388 
388, 
388, 

388, 
388 
388 
388 
388 


Brt. 
Brt. 
Brt. 
Brt. 
Brt. 

Brt. 
Brt. 
Brt. 
Brt. 
Brt. 

Brt. 
Brt. 
Red 
Brt. 
Brt. 


Haze. 


Clouds.  Moonlicht. 


Haze. 


Mo()iili"lit. 


First  p  with  hrifilit  field. 
[Moonlifjhi.     Haz(> 
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DiUo 

^^•.  M.  T. 

P 

AV.  M.  T. 

!• 

Coinp. 

Seeing 

Power  and 
Ilium. 

Tteinark.s 

Tcthy 

'<-Rhra   {Coiiiinued) 

1014  Nov 

11 

h   m   s, 

12  20  52 

259.35 

h       m        s 

12  20  28 

119.59 

2,2 

3 

388, 

Brl. 

11 

12  36  8 

258.64 

12  36  17 

118.63 

2,2 

3 

388, 

Brt. 

13 

13  0  45 

115.05 

13  1  26 

76.68 

2  ,  2 

2 

388, 

Brt. 

13 

13  Hi  58 

113.85 

13  17  30 

78.30 

2,  2 

2 

388, 

Brt. 

10 

13  7  20 

203.00 

13  7  20 

91.25 

2,2 

3 

388, 

Brt. 

U) 

13  34  35 

202.74 

13  34  28 

92.37 

2  ,  2 

3 

388, 

Brt. 

17 

13  59  9 

122.74 

13  59  0 

83.85 

2,2 

2-3 

388, 

Brt. 

17 

14  14  8 

121.10 

14  14  20 

85.79 

2,2 

2-3 

388, 

Brt. 

Haze. 

22 

13  37  49 

117.22 

13  37  40 

34.17 

2  .  2 

3 

367b 

Brt. 

22 

13  49  24 

117.27 

13  49  30 

35.03 

2,2 

3 

367b 

Brt. 

Doc. 

la 

14  2  42 

96.23 

14  4  56 

73.10 

2,2 

2-3 

388, 

Brt. 

15 

14  17  1 

95.98 

14  10  18 

74.08 

2,2 

2-3 

388, 

Brt. 

21 

12  57  45 

302.22 

12  55  44 

26.55 

2,2 

3-4 

388, 

Brt. 

21 

13  13  32 

303.13 

13  12  24 

26.01 

2,2 

3-4 

388, 

Brt. 

26 

13  38  50 

267.70 

13  37  32 

137.62 

2,2 

3 

388, 

Brt. 

2f. 

13  53  54 

267.32 

13  53  0 

137.87 

2,2 

3 

388, 

Brt. 

1915  Jan. 

5 

9  57  20 

225.07 

9  57  8 

83.31 

2,2 

2 

388, 

Brt. 

5 

10  17  40 

223.00 

10  16  48 

80.81 

2,2 

2 

388, 

Brt. 

Haze. 

8 

12  40  30 

290.57 

12  40  40 

93.66 

2.2 

2 

388, 

Brt. 

8 

12  58  30 

295.18 

13  0  20 

95.57 

2,2 

2 

388, 

Brt. 

Haze. 

15 

7  11  10 

107.00 

7  14  24 

99.50 

2,2 

3 

388, 

Brt. 

15 

7  29  48 

106.50 

7  32  5 

100.45 

2,2 

3 

388, 

Brt. 

21 

10  49  28 

27.94 

10  49  17 

70.28 

2,2 

3 

388, 

Brt. 

21 

11  9  31 

25.14 

11  11  22 

'  68.07 

2,2 

3 

388, 

Brt. 

29 

8  26  30 

90.09 

8  25  36 

40.30 

2,2 

3 

388, 

Brt. 

29 

8  38  57 

90.32 

8  39  42 

39.93 

2,2 

3 

388, 

Brt. 

Feb. 

9 

9  59  50 

295.41 

9  58  17 

87.36 

2,2 

2-3 

388, 

Brt. 

9 

10  16  34 

294.50 

10  18  2 

89.71 

2,2 

2-3 

388, 

Brt. 

20 

11  16  54 

96.81 

11  21  38 

79.14 

2,2 

2-3 

388, 

Brt. 

20 

11  39  24 

90.21 

11  42  15 

78.67 

2,2 

2-3 

388, 

Brt. 

21 

10  50  26 

88.88 

10  53  19 

52.32 

2,2 

4 

388, 

Brt. 

• 

21 

11  8  18 

88.95 

11  9  23 

53.24 

2,2 

4 

388, 

Brt. 

27 

9  30  58 

274.67 

9  31  8 

44.50 

2,2 

3-4 

388, 

Brt. 

27 

9  46  26 

274.50 

9  47  5 

44.10 

2  ,  2 

3-4 

388, 

Brt. 

Moonlifilit. 

Mar 

1 

9  24  3 

123.97 

9  19  8 

79.03 

2,2 

3-4 

388, 

Brt. 

1 

9  55  37 

120.96 

9  54  51 

82.54 

2,2 

3-4 

388, 

Brt. 

Modiilijilit. 

12 

7  0  2 

313.04 

6  58  45 

28.84 

2,2 

3 

388, 

Brt. 

12 

7  17  4 

311.81 

7  15  52 

28.59 

2,2 

3 

388, 

Brt. 

31 

8  37  16 

259.37 

8  37  38 

81.18 

2,2 

2-3 

388, 

Brt. 

31 

8  56  54 

259.04 

8  59  10 

79.44 

2,2 

2-3 

388, 

Brt. 

N"^-  818-819 
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Date 


W.  M.  T. 


W.M.T.  s  Comp.    Seeing      ^"l]^^^^'^ 


Remarks 


Tethys-Rhen   {Continued) 


1915  Apr. 


1914  Oct. 


Nov. 


18 

21 

31 

2 

2 

3 
3 
4 
4 
5 

5 
B 
f) 
9 
9 

11 
11 
13 
13 
17 

17 
21 
21 
23 
23 


Dec  14 
14 
15 
15 
16 

Ifi 
17 
17 
22 
22 


8  10  34 

249.31 

8  28  6 

249.16 

9  23  26 

124.46 

9  53  44 

121.70 

7  24  40 

76.57 

7  37  56 

76.19 

15  57 

35 

1.88 

13  22 

14 

170.09 

12  5 

58 

80.51 

11  49 

55 

251.51 

12  4 

10 

250.76 

12  40 

56 

123.02 

12  52 

48 

121.77 

12  35 

53 

122.78 

12  47 

24 

122.22 

12  58 

33 

78.46 

13  10 

36 

78.25 

13  29 

37 

311.56 

13  50 

14 

309.64 

12  12 

12 

58.35 

12  30 

9 

57.37 

14  9 

48 

287.64 

14  23 

45 

287.04 

12  20 

39 

114.70 

12  40 

8 

113.60 

11  10 

26 

98.89 

11  23 

34 

98.84 

12  58 

6 

214.06 

13  18 

17 

211.60 

10  43 

24 

14.88 

11  2 

13 

12.85 

9  53 

10 

107.93 

10  8 

55 

107.49 

13  8 

42 

66.09 

13  19 

54 

66.81 

15  38 

56 

57.35 

15  50 

23 

57.53 

11  28 

13 

300.27 

11  46 

27 

298.99 

10  7 

14 

237.03 

10  25 

28 

237.13 

8  11  20 

42.10 

2  ,  2 

2-3 

8  31  53 

42.64 

2,  2 

2-3 

9  22  8 

67.74 

2  ,  2 

3-4 

9  49  2 

69.76 

2  .  2 

3  4 

7  23  43 

41.90 

2,2 

2-3 

7  37  35 

41.15 

2,2 

2-3 

15  57    14 

13  20     1 

12  5  22 

11  50   15 

12  4  42 

12  40  46 
12  51  50 
12  36  6 
12  47    14 

12  59   10 

13  12  10 
13  28  52 

13  48  57 
12  12  46 
12  29   16 

14  10  22 

14  22  46 
12  22  32 
12  41  4 
11  11  34 

11  23  45 

12  56  56 

13  20  0 
10  43  55 
10  59  7 

9  53  52 

10  9  34 
13  8  0 
13  20  47 

15  38  54 

15  50  14 

11  28  28 
11  48  32 
10  5  32 
10  26  18 


Dione-Ehea 


59.92 

4,4 

3 

13.15 

4,4 

3 

146.60 

4,  4 

3 

95.50 

2,2 

3 

94.63 

2,2 

3 

30.73 

2,2 

3-4 

30.43 

2,2 

3-4 

20.73 

2,2 

2-3 

21.33 

2,2 

2-3 

87.30 

2  ,  2 

2 

86.92 

2  ,  2 

2 

73.10 

2,2 

2 

75.13 

2,2 

2 

76.62 

2.2 

3 

75.14 

2,2 

3 

31.08 

2,2 

2 

31.61 

2,2 

2 

93.26 

2.2 

3 

95.26 

2.2 

3 

42.67 

2,2 

2 

42.50 

2,  2 

2 

82.48 

2  ,  2 

2 

80.50 

2  ,  2 

2 

47.31 

2  ,  2 

2 

46.74 

2  ,  2 

2 

74.77 

2.2 

3 

75.02 

2,2 

3 

28.22 

2,2 

3 

27.76 

2,2 

3 

45.44 

2  ,  2 

3 

45.19 

2,2 

3 

68.56 

2,2 

2 

70.69 

2,2 

2 

26.26 

2,2 

3 

25.63 

2,2 

3 

388.  Brt. 

388.  Brt. 

388,  Brt. 

388.  Brt. 

388,  Brt. 


388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 


388, 
388, 
388, 
388, 
388, 


Brt. 
Brt. 
Brt. 
Brt. 
Brt. 


388.  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388.  Brt. 

388,  Brt. 

495,  Brt. 

495.  Brt. 

367b,  Brt. 

367b,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 


Tcthijs  faint  :it  tiiiii"; 


(Haze 


Both  very  faint. 


Hazo. 


Hazo.     ("louds. 
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D:ili 


W.  M.  T. 


Comp. 


Seeing 


Power  and- 
Ilium. 


Dione-Rhea  (Continued) 


Remarks 


101.")  .Ian. 


9 

9 

13 

13 

15 

15 

28 

28 

Fob.  9 

9 

10 
10 
18 
18 
Mar.  1 

1 

•  9 

9 

13 

13 

18 

18 

Apr.  6 

6 


1914  Oct. 


1 
18 
21 
27 
30 

31 

Nov.  2 

3 

4 


12 

4  54 

82.52 

12 

28  34 

81.63 

11 

57  54 

329.47 

12 

19  4G 

326.54 

10 

14  28 

257.19 

11 

27  24 

254.72 

11  44  31 

11  8  44 

11  22  0 

11  41  36 

11  59  4 
11  1  50 
11  16  42 
10  31  32 
10  44  14 

9  32  40 
9  50  42 
8  27  34 
8  45  36 
7  35  38 

7  52  3 

8  53  35 

9  8  9 
7  15  44 

7  32  4 

8  17  10 
8  32  31 
8  36  0 
8  51  28 


254.15 
321.35 
320.32 
122.02 

120.76 
230.63 
229.52 
287.38 
287.74 

267.38 
266.88 
327.69 
325.50 
97.64 

96.92 
262.08 
261.94 
266.34 
265.92 

265.94 
265.26 
226.20 
224.86 


14  1 

42 

73.528 

14  31 

48 

28.100 

12  34 

38 

289.568 

14  41 

16 

183.608 

12  1 

39 

83.269 

13  40 

27 

88.534 

14  42 

0 

67.752 

12  17 

17 

33.869 

12  14 

30 

314.117 

13  31 

•14 

281.157 

12  4  2 
12  31  32 

11  55  22 

12  19  6 
10  15  32 


11  14  5 

11  9  17 

11  21  4 

11  43  12 

12  0  52 
11  2  36 
11  16  35 
10  31  30 
10  43  42 

9  33  7 
9  52  48 
8  28  38 
8  45  36 
7  34  56 

7  55  13 

8  54  18 
.9  8  28 

7  15  50 

7  30  18 

8  16  52 
8  35  52 
8  35  24 
8  50  28 


14  4  31 

14  33  29 

12  34  47 

14  43  32 

12  4  2 

13  40  19 

14  44  50 
12  18  25 

12  15  51 

13  31  28 


153.39 

152.67 

71.38 

73.36 

148.39 


144.86 

143.50 

31.92 

32.49 

94.04 

95.94 
79.03 
78.07 
19.80 
20.18 

67.64 
68.39 
57.56 
58.98 
56.39 

56.48 

25.97 

26.72 

134.10 

134.20 

117.25 

118.19 

20.64 

21.17 


2,2 
2,2 
2,2 
2  ,  2 
2  ,  2 

2,  2 
2,2 
2,2 
2,  2 
2  ,  2 

2,2 
2  ,2 
2  ,2 
2,2 
2,2 

2  .  2 
2,2 
2,2 
2,2 
2,2 

2,2 
2  ,2 
2,  2 
2,2 
2,2 

2  ,  2 
2,2 
2,2 
2  2 


Rhea-Tiian 


2 
2-3 
2-3 
2-3 

2-3 
3-4 
3-4 
2-3 
2-3 

2 

2 
2-3 
2-3 
2-3 

2-3 
3 
3 
2 
2 

2 
2 
3 
3 


388,  Brt. 

388,  Brt. 

;^88,  Brt. 

388,  Brt. 

388,  Brt. 


388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 


207.21 

4,4 

2-3 

53.93 

4,4 

3 

204.27 

4  ,4 

3 

123.40 

4,4 

3 

155.24 

4,4 

3 

119.69 

4,4 

3 

228.62 

4,4 

3 

151.25 

4,4 

3 

134.97 

4,4 

2-3 

147.98 

4,4 

2 

('!( 


Ilnzr 


Modiilijilit. 


388, 

Brt. 

388, 

Brt. 

388, 

Brt. 

388, 

Brt. 

388, 

Brt. 

388, 

Brt. 

388, 

Brt. 

388, 

Brt. 

388, 

Brt. 

388, 

Brt. 

Moonlifilit. 

Moonlight. 
Haze. 


N"'-  818-819 


THE    ASTRONOMICAL    JOURNAL 


Date 

W.  M.  T. 

p 

W.  M.  T. 

s 

Coinp. 

Seeing 

Power  and 
Ilium. 

Remarks 

Rhea-Tiian  (Continued)    . 

h   m   s 

o 

h   m   s      " 

1914  Nov. 

7 

11  51  25 

284.263 

11  52  38 

123.46 

4,4 

3-4 

388, 

Brt. 

Clouds. 

9 

11  38  18 

253.553 

11  40  38 

269.38 

4,4 

3 

388, 

Bit. 

13 

13  42  25 

157.679 

13  41  30 

66.15 

2,2 

2 

388, 

Brt. 

13 

13  54  43 

157.751 

13  54  12 

G6.79 

2,2 

2 

388, 

Brt. 

16 

11  9  44 

80.445 

11  11  10 

287.21 

4,  4 

3-4 

388, 

Brt. 

20 

11  26  56 

36.899 

11  27  13 

104.70 

4,4 

3 

388, 

Brt. 

22 

11  51  38 

282.017 

11  53  51 

246.14 

4,4 

2-3 

388, 

Brt. 

Dec. 

12 

11  59  18 

205.987 

11  59  23 

132.04 

4,4 

2 

388, 

Brt. 

Hazo. 

14 

10  30  44 

152.474 

10  30  20 

57.31 

2,2 

3 

388, 

Brt. 

14 

10  44  11 

153.098 

10  43  54 

57.47 

2,2 

3 

388, 

Brt. 

16 

13  3  50 

114.413 

13  3  50 

189.95 

2,2 

2-3 

388, 

Brt. 

16 

13  28  28 

113.807 

13  27  14 

192.14 

2,2 

2-3 

388, 

Brt. 

22 

10  51  48 

23.179 

10  51  20 

113.77 

2,2 

3 

388, 

Brt. 

22 

11  11  1 

22.382 

11  12  1 

113.56 

2,2 

3 

388, 

Brt. 

23 

11  18  49 

307.095 

11  16  56 

168.75 

2,2 

2 

388, 

Brt. 

23 

11  38  46 

306.367 

11  38  12 

171.16 

2,2 

2 

388, 

Brt. 

Haze. 

1915  .Ian. 

2 

11  22  4 

93.021 

11  21  58 

118.11 

2,2 

3 

388, 

Brt. 

2 

11  43  57 

93.257 

11  44  30 

118.31 

2,2 

3 

388, 

Brt. 

5 

11  58  39 

51.269 

12  5  18 

197.79 

2,2 

2 

388, 

Brt. 

5 

12  23  48 

50.664 

12  23  13 

196.70 

2,2 

2 

388, 

Brt. 

Haze. 

8 

13  16  56 

288.378 

13  16  4 

86.53 

2,2 

2 

388, 

Brt. 

8 

13  33  5 

288.504 

13  34  53 

86.90 

2,2 

2 

388, 

Brt. 

Haze. 

9 

12  1  22 

295.378 

12  3  12 

106.48 

2,2 

2 

388, 

Brt. 

9 

12  17  46 

295.325 

12  19  33 

107.48 

2,2 

2 

388, 

Brt. 

14 

8  8  34 

150.102 

8  8  30 

72.07 

2,2 

2 

388, 

Brt. 

14 

8  24  43 

150.159 

8  23  26 

71.90 

2,2 

2 

388, 

Brt. 

Haze.  Fog. 

20 

11  27  18 

49.511 

11  26  52 

100.16 

2,2 

3 

388, 

Brt. 

20 

11  44  57 

49.193 

11  45  11 

98.64 

2,2 

3 

388, 

Brt. 

28 

9  57  2 

257.017 

9  58  30 

150.17 

2,2 

2-3 

388, 

Brt. 

28 

10  21  13 

256.929 

10  22  6 

150.77 

2,2 

2-3 

388, 

Brt. 

Feb. 

9 

11  7  20 

302.462 

11  8  22 

70.52 

2,2 

2-3 

388, 

Brt. 

9 

11  26  46 

302.563 

11  26  20 

70.60 

2,2 

2-3 

388, 

Brt. 

10 

10  13  32 

294.926 

10  16  16 

128.37 

2,2 

2 

388, 

Brt. 

10 

10  40  33 

294.467 

10  39  16 

130.12 

2,4 

2 

388, 

Brt. 

17 

9  49  48 

136.888 

9  49  48 

131.79 

2  ,  2 

2 

388, 

Brt. 

17 

10  12  59 

135.929 

10  12  18 

133.20 

2,2 

2 

388, 

Brt. 

19 

10  36  58 

81.691 

10  36  22 

263.32 

2,2 

2 

388, 

Brt. 

19 

11  0  28 

81.448 

11  0  25 

261.79 

2,2 

2 

388, 

Brt. 

Mai 

.  1 

8  19  52 

257.169 

8  22  20 

175.14 

2,2 

3 

388, 

Brt. 

1 

8  46  23 

256.897 

8  48  8 

176.06 

2,2 

3 

388, 

Brt. 

Moonlijiht. 

18 
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Date 


\V.  M.  T. 


W.  M.  T. 


Coinp.    Seeing 


Power  and 
Ilium. 


Remarks 


1915  Mar.     9 
9 

18 
18 
29 

29 

Apr.     6 

6 

7 
7 


7  58  14 

8  30  30 

9  2  38 
9  15  20 
8  22  54 

8  48  36 
7  31  36 

7  50  44 

8  26  11 
8  43     2 


68.577 

68.069 

182.399 

182.146 

281.539 

281.308 

99.871 

99.842 

109.547 

109.582 


Rhea-Titan  {Continued) 


7  56  58 

8  33     0 

9  1  2 
9  16  8 
8  25  12 

8  47  54 
7  31   52 

7  49  16 

8  29  9 
8  45  27 


237.08 

2,2 

2 

235.59 

2,2 

2 

62.19 

2,2 

2 

61.77 

2,2 

2 

205.66 

2,2 

3 

206.02 

2  ,  2 

3 

113.00 

2  ,  2 

2-3 

112.46 

2,2 

2-3 

91.21 

2,2 

2-3 

91.37 

2,2 

2-3 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 


Haze. 


Feeing:  2  =  good,  3  =  fair.  4  =  poor.  Power  and  Illuin..  b  =  orcultinp;  bar  over  planet:  Brt. 
field:    Red  =  red  \vires. 

Clark  II  micrometer  was  u.sed  from  1914  Oct.  24  to  Nov.  21.  Value  of  one  revolution  = 
+0".0000  525  (t°  -  50°F.)     +0".0255  (1"'.280  -  focal  scale). 

Kepsold  micrometer  was  used  from  1914  Sept.  26  to  Oct.  24  and  from  1914  Nov.  21  to  191')  .\\)v.  1 
of  one  revolution  =  20".8332  +0".0000  27  (f  -  50°  F.)  +0'"  .0535  (O'"  .840  -  focal  scale). 

f '.  S.  Naval  Ohserialorij,  Wnshindton,  D.  C, 
1!)23  Jan.  J,. 


=  brisiit 
■  9". 9329 
!.      Value 


OCCULTATIONS   BY   THE   MOON,    1921-22, 

OU.'^EnVKI)    WITH    THE    26    AND    I'i-INCH    REFR.\CTORS   OP   THE    U.  S.    NAVAL    OISSRRVATOHY, 

nv  ASAPH    HALL  and  ERNEST   ('LARE    POWER. 
[Communicated  by  Captain  W.  1).  MacDougall,  L'.  S.  Navy,  Superintendent  of  the  U.  S.  Naval  Ob.servatory. 


Date 

Object 

£ 

26-Inch 

12-Inch 

W.  Sid.  T. 

W.  M.  T. 

See'g 

Powr 

Obs. 

Rem. 

W.  Sid.  T. 

W.  M.  T. 

See'g 

Pow'r 

Obs. 

Rem. 

1921 

h     m       s 

h     m       s 

h     m       s 

h     m       s 

May  21 

88B.  Sco 

DB 

12  33    0.9 

8  36  25.3 

P 

183 

Hl  ufc 

21 

88B.  Sco 

RD 

13  27    6.1 

9  30  21.6 

P 

183 

Hl'i20  fc 

Julv    18 

P      Sgr 

DD 

22  55  38.0 

15    9  17.6 

P 

178b 

B    UKf 

Aug.   10 

f      Lib 

DD 

19    5  31.9 

9  49  23.2 

P 

183 

B    11 

Sept.  18 

j-      Psc 

DB 

3  42  33.0 

15  51  39.3 

P 

183 

Hlc 

18|     j-      Psc 

HI) 

4  32  54.7 

16  41  52.7 

V 

183 

Hl}1c 

18 

j-      Psc,  nf 

DB 

3  43  31.8 

15  52  37.9 

P 

183 

Hl 

C 

18 

j'      Psc,  nf 

RD 

4  33  45.1 

16  42  42.9 

P 

183 

Hl 

C 

Oct.    15 

171B.  Psc 

DD 

5  41  13.0 

16    3  50.4 

f 

183 

Hl 

.■)  11  13.1 

16    3  50.5 

P 

160 

B 

1  xy. 

20 

115      Tau 

DB 

5  32  11.1 

15  35  10.4 

P 

183 

Hl 

U 

20 

115      Tau 

RD 

6  23  59.2 

16  26  50.1 

P 

183 

Hl 

11 

21 

292B.  Ori 

DB 

2  56  45.7 

12  56  14.6 

f 

183 

Hl 

21 

292B.  Ori 

RD 

4    8    5.6 

14    7  22.7 

f 

183 

Hl 

4     8     5.7 

14    7  22.9 

f 

115 

B 

12 

22 

X      Gem 

DB 

2  14    2.2 

12    9  42.2 

f 

183 

Hl 

2  14    2.6 

12    9  42.5 

f 

160b 

B 

13 

22 

X      Gem 

RD 

3  17  36.7 

13  13    6.2 

f 

183 

Hl12 

3  17  36.8 

13  13    6.3 

f 

115 

B 

11, -X 

N"'-  818-819 
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Dtite 

Object 

£ 

2fi-Inch 

12-Inch                                          1 

W.  Sid.  T. 

W.  M.  T. 

See'g 

Pow'r 

Obs. 

Rem. 

W.  Sid.  T. 

W.  M.  T. 

See'g 

Pcw'r 

Obs. 

Rem. 

1921 

h      m       s 

h      m      s 

h      m      s 

h      m      s 

Oct.    22 

X      Gem,  nf 

RD 

3  17  45.5 

13  13  15.0 

f 

183 

Hl 

Dec.    15 

26      Gem 

DB 

5  59  58.3 

12  22  42.1 

f 

183 

Hi, 

5  59  58.9 

12  22  42.7 

f 

160b 

B 

±20 

1922        15 

26      Gem 

RD 

7  18  48.4 

13  41  19.4 

f 

183 

Hl 

12 

7  18  48.4 

13  41  19.4 

f 

160b 

B 

11 

Jan.      6 

263B.  Psc 

RB 

3  30  22.9 

8  27    1.2 

f 

183 

Hl 

vl  C 

3  30  22.8 

8  27     1.1 

f 

115 

B 

130  ±20 

12 

X      Gem 

DD 

9  12    2.8 

13  44    9.6 

P 

183 

Hl 

9  12    2.3 

13  44    9.2 

P 

160b 

B 

±5 

12 

X       Gem 

RB 

10    6  40.4 

14  38  38.3 

f 

183 

Hl 

120  o 

10    6  36.5 

14  38  34.4 

P 

160b 

B 

18  ±5 

13 

SOB.  Cnc 

DB 

4    5  54.5 

8  34  55.6 

P 

183 

Hl 

13 

30B.  Cnc 

RD 

5    1  32.1 

9  30  24.1 

vp 

183 

Hl 

vl  0 

5     1  20.4 

9  30  12.4 

P 

160b 

B 

115  ±5 

14 

209B.  Cnc 

DB 

3  13  22.1 

7  38  35.9 

vp 

183 

Hl 

u 

14 

209B.  Cnc 

RD 

4  10    4.9 

8  35    9.4 

P 

183 

Hl 

12 

4  10    4.8 

8  35    9.2 

P 

160b 

B 

12 

FpI).     2 

88      Psc 

DD 

5  34    7.3 

8  44  15.8 

P 

183 

Hl 

gk 

2 

88      Psc 

RB 

5  58  46.1 

9    8  50.5 

P 

183 

Hl 

vl  vfc 

8 

26      Gem 

DD 

7  35  54.2 

10  22    7.2 

f 

183 

Hl 

p  o 

7  35  .54.2 

10  22    7.2 

g 

115 

B 

UK 

8 

26      Gem 

RB 

8  49  11.0 

11  35  12.1 

f 

183 

Hl 

120  sc 

8  49  10.2 

11  35  11.2 

f 

115 

B 

130  ±10 

Mar.     8 

X      Gem 

DD 

9  .56  14.7 

10  51  59.4 

f 

183 

Hl 

11 

9  56  14.8 

10  51  59.5 

g 

115 

B 

11 

8 

X      Gem 

RB 

11     3  21.1 

11  58  54.7 

f 

183 

Hl 

15 

11     3  21.3 

11  58  55.0 

f 

1601) 

B 

15 

8 

X      Gem,  nf 

DD 

9  56  27.2 

10  52  11.9 

g 

115 

B 

11 

12 

75      Leo 

DD 

10  23  40.1 

11    3  36.7 

g 

183 

Hl 

10  23  40.2 

11    3  36.8 

f 

115 

B 

11 

12 

75      Leo 

RB 

11  38  49.2 

12  18  33.4 

f 

183 

Hl 

15 

11  38  49.0 

12  18  33.2 

g 

160b 

B 

115  ±5 

12 

76      Leo 

DD 

11  36  40.3 

12  16  24.9 

g 

183 

Hl 

1 1  36  40.3 

12  16  24.9 

g 

160b 

B 

±3 

12 

76      Leo 

RB 

12  45  57.4 

13  25  30.6 

f 

183 

Hl 

120 

12  45  59.4 

13  25  32.6 

P 

160b 

B 

130  ±10 

12 

79      Leo 

RB 

15  10  24.8 

15  49  34.3 

P 

160b 

B 

120  ±10 

Apr.     8 

35      Sex,  sp 

DD 

7  53  10.0 

6  47  21.7 

f 

183 

Hl 

c 

i             8 

35      Sex,  sp 

RB 

9    2    1.0 

7  56    1.4 

f 

183 

Hl 

120  c 

8 

35      Sex 

DD 

7  53  15.3 

6  47  27.0 

f 

183 

Hl 

c 

7  .53  15.4 

6  47  27.1 

P 

115 

B 

11 

8 

35      Sex 

RB 

9    2  10.9 

7  56  11.3 

f 

183 

Hl 

110  c 

12 

n      Lili 

DB 

16  48  20.0 

15  25  i20.4 

P 

183 

Hl 

(' 

16  48  23.3 

15  25  23.8 

P 

160b 

B 

±10 

12 

M      Lib 

RD 

17  56  27.3 

16  33  16.6 

f 

183 

Hl 

12 

17  56  27.4 

16  33  16.6 

f 

160b 

B 

11 

June  12 

27G.  Cap 

DB 

19  22  49.6 

13  59  34.3 

f 

183 

Hl 

19  22  51.2 

13  59  35.9 

f 

160b 

B 

±10 

12 

27G.  Cap 

RD 

20  41  52.6 

15  18  24.4 

f 

183 

Hl 

12 

20  41  52.9 

15  18  24.6 

f 

115 

B 

12 

July     8 

P      Sgr 

DB 

21  53  28.4 

14  47  34.8 

P 

183 

Hl 

11 

96B.  Aqr 

DB 

22  29  47.8 

15  12    0.4 

f 

183 

Hl 

22  29  49.6 

15  12    2.2 

f 

160b 

B 

110  ±20 

11 

96B.  Aqr 

RD 

23  .52 '30.1 

16  34  29.2 

f 

183 

Hl 

11  sd 

23  52  .30.1 

16  34  29.2 

f 

115 

B 

12  d 

Aug.     6 

T      Cap 

DD 

16  54  41.2 

7  55  35.1 

P 

183 

Hl 

6 

T      Cap 

RB 

18  '14  40.8 

9  15  21.6 

f 

183 

Hl 

h 

18 

26      Gem 

DB 

1  29    7.0 

15  41  25.7 

P 

183 

Hl 

c 

18 

26      Gem 

RD 

2  13  34.1 

16  25  45.6 

f 

183 

Hl 

11  kc 

28 

e      Lib 

DD 

17  32  16.8 

7    6  34.5 

f 

183 

B 

11 

28 

e      Lib 

RB 

18  25  15.2 

7  59  24.3 

f 

178b 

B 

12 

Sept.  12 

70      Tau 

DB 

23  41  '53.6 

12  16  12.2 

vp 

178b 

B 

±20 

12 

70      Tau 

RD 

0    0  59.6 

12  35  15.1 

vp 

183 

B 

13 

12 

75      Tau 

DB 

1     0  45.3 

13  34  51.0 

vp 

178b 

B 

±10 

20 
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No».  818-S19 


1  '.'-J-.' 
Sept 

12 

Ul.j,-<-| 

i 

VV.  Sid.  T. 

2()-Inch 

12-Inch                                        1 

W.  M.  T. 

See'g 

Pow'r 

Obs. 

Rem. 

W.  Sid.  T. 

W.  M    T. 

See'g 

Pow'r 

Obs. 

Rem. 

75      Tail 

III) 

1.      m      s 

2  19  23.8 

h      m       s 

14  53  16.6 

P 

183 

B 

12 

Ii      m      ^ 

Il         111         s 

12 

a      Tail 

DB 

6  18  30.2 

18  51  43.9 

P 

183 

B 

11    d 

12 

a      Tail 

RD 

7  14  54.2 

19  47  5S.6 

P 

183 

B 

11    (1 

13 

1 1 1       Tail 

DB 

2  44    3.7 

15  13  56.5 

vp 

1781) 

B 

±10 

14 

292B.  Ori 

DB 

3  37  27.0 

16    3  15.2 

f 

1781) 

B 

e5±5 

14 

292B.  Ori 

RD 

4  56  51.5 

17  22  26.7 

f 

183 

B 

11 

15 

X      Gem 

DB 

3  45  54.3 

16    7  45.2 

f 

178b 

B 

11 

15 

X      Gem 

RD 

4  25  41.2 

16  47  25.6 

f 

183 

B 

11 

15 

X      Gem,  nf 

RD 

4  26  22.9 

16  48    7.2 

f 

183 

B 

U 

16 

30B.  Cnc 

RD 

1  59  53.9 

14  18    6.3 

P 

183 

B 

115^ 

28 

P      Sgr 

DD 

21  25  37.4 

8  57  23.9 

f 

183 

Hl 

12 

28 

P      Sgr 

RB 

22  34  16.0 

10    5  51.2 

P 

183 

Hl 

110 

Oct. 

1 

96B.  Aqr 

DD 

23  33  21.1 

10  52  .58.9 

f 

183 

Hl 

g 

1 

96B.  Aqr 

RB 

0  50  39.5 

12  10    4.6 

f 

183 

Hl 

110 

3 

316B.  Aqr 

DD 

19    9  32.6 

6  22     1.8 

P 

183 

Hl 

12 

3 

316B.  Aqr 

RB 

20  26  32.4 

7  38  49.0 

f 

183 

Hl 

120  f 

Nov 

8 

s 

26      Gem 
26       Gem 

DB 
RD 

5  9  51.4 

6  36  38.5 

13  59    9.6 
15  25  42.5 

P 

f 

183 
183 

Hl 
Hl 

10 

29       Cnc 

Dl! 

3    6  41.9 

1 1  48  28.5 

P 

183 

Hl 

10 

29       Cue 

UD 

3  51  16.0 

12  32  55.2 

f 

183 

Hl 

12 

24 

53B.  Aqr 

DD 

21  57  44.8 

5  45  19.3 

P 

183 

Hl 

cw 

Dec. 

22 

X      Cap 

DD 

0     1  19.4 

5  58  28.1 

P 

183 

Hl 

kc 

0     1  19.6 

5  58  28.3 

f 

115 

B 

UKf 

26 

155B.  Psc 

DD 

23  41  35.8 

5  23    4.1 

P 

183 

B 

11 

Ph.:  DD  =  disappearance  dark  limb,  DB  =  disappearance  brioht  limb,  KD  =  reappearance  dark  linil), 
RB  =  reappearance  bright  limb. 

Power:   b  =  occulting  bar  attached  to  eyepiece. 

Obs.:  Hl  =  Hall,    B  =  Bower. 

Remarks:  c  =  cloudy,  d  =  daylight,  e  =  early,  f  =  star  faint,  g  =  gradual,  h  =  hazy,  k  =  dark  limb 
visible,  1  =  late,  o  =  eyepiece  fogged,  p  =  poor  observation,  s  =  some,  a  little,  u  =  uncertain,  v  =  ver.y,  w  = 
windy.     Numbers  indicate  estimate  in  tenths  of  seconds:   12  ±1  =  late  0^2  ±0^.1,125  ±10  =  late  21^"  ±l%etc. 

The  clock  corrections  used  to  1923  Jan.  1  are  based  on  Boss'  Preliminary  General  Catalogue. 

U.  S.  Naval  Observatory,  Washington,  D.  ('., 

i:i23,  Jan.  9.  


A  REVISED   LIST   OF  THE   OLIVIER  DOUBLE   STARS, 

By  CHAS,  p.  OLIVIEU. 


In  a  series  of  eleven  papers  on  double  stars  appear- 
ing in  various  astronomical  publications  from  1906  to 
1922  the  writer  has  announced  the  discoverj'  of  over  a 
hundred  new  double  stars,  fo\ind  more  or  less  casually 
during  the  prosecution  of  the  work.  Following  the 
best  modern  practice  a  limit  of  5"  separation  has  been 
used.  As  these  new  doubles  are  scattered  through 
many  different  papers  it  would  be  convenient  to  have 


them  all  collected  into  one  paper,  with  corrections  and 
remeasures  when  available.  In  the  following  iiages 
this  has  been  done  and  short  notes  are  here  added. 

In  all  110  doubles  are  found  in  the  list,  of  which  it  is 
now  known  that  three  were  previously  discovered  l)y 
others.  Of  these  110,35  have  northern  and  75  south- 
ern declinations,  while  44  appear  in  either  the  B.  1). 
or  C.  P.  D.   Catalogues.     As  to  distances  they  are  as 
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R.A. 
-'■"          1920 

Deel. 
1920 

Magn. 

Cat 

ilogue 

P 

A 

Date 
1900  + 

Nights 

Kpmarks 

1 

h     m      s 

3  48    5 

-14     0 

9.5    10.0 

B.  D. 

-14,762 

273.8 

2.82 

06.913 

3 

2 

4  42  57 

-21  35 

9.0  11.2 

C.  P.  D. 

-21,649 

221.3 

3.80 

06.896 

2 

3 

4  43    5 

-22  55 

10.0  10.6 

C.  P.  D. 

-23,615 

59.1 

1.31 

06.901 

3 

4 

5  35  16 

-21  40 

10.0  10.3 

C.  P.  D. 

-21,887 

69.8 

1.88 

06.901 

3 

5 

7  45  11 

-19  10 

9.0  11.2 

194.2 

2.81 

06.916 

2 

Cannot  find,  1921. 

6 

7  51  27 

-20  33 

9.5  10.8 

49.6 

2.93 

07.033 

2 

7 

23  48 

+37  14 

9.5     9.6 

350. 

4.8 

20.678 

1 

Near  J.  C.  3933 

8 

18  36 

-16    7 

9.7  10.4 

71.0 

2.08 

07.648 

3 

9 

2  38  54 

-    1  55 

9.5   10.5 

328.4 

2.85 

08.382 

2 

10 

7  49 

-20  43 

10.0   10.5 

353.8 

2.64 

07.167 

1 

11 

9  41 

-15  46 

9.0     9.5 

355.3 

1.72 

08.265 

1 

12 

11  19 

-    9  54 

9.5  10.3 

117.6 

1.35 

07.436 

1 

13 

18  13 

-16    2 

8.5  10.0 

178.9 

3.68 

07.583 

1 

14 

18  34  14 

+  39  07 

«.0  10.0 

345.6 

1.08 

08.756 

1 

15 

18  35    7 

+  40  10 

8.0     9.0 

B.  D. 

+  40,3437? 

23.4 

1.91 

08.756 

1 

16 

16  53    6 

-30    7 

8.6     9.0 

Y3 

7144 

189.8 

1.50 

09.622 

2 

=  X  —]  A  -  C  =  19" 

17 

18  13  19 

-35    6 

8.3     9.5 

C.  P.  D. 

-35,7875 

250.6 

5.23 

09.612 

3 

18 

18  13  45 

-35  12 

8.8     9.6 

C.  P.  D. 

-35,7881 

120.3 

1.94 

09.626 

4 

19 

18  21  17 

-36  28 

9.2  11.0 

C.  P.  D. 

-36,8241 

263.0 

3.23 

09.611 

2 

20 

18  39  24 

-33  27 

9.0     9.4 

C.  P.  D. 

-33,5255 

352.4 

0.75 

09.592 

3 

21 

18  44  30 

-29  11 

8.9     9.5 

C.  P.  D. 

-29,5730 

155.2 

1.70 

09.599 

4 

22 

19    7    8 

-33  11 

8.2     8.7 

C.  P.  D. 

-33,5517 

246.9 

0.66 

09.608 

4 

23 

19  32    9 

-34  54 

9.0     9.1 

C.  P.  D. 

-34,8485 

156.7 

0.69 

09.623 

1 

24 

19  45  45 

-26  22 

9.1     9.4 

C.  P.  D. 

-26,6854 

44.9 

0.88 

09.608 

2 

25 

20  16  49 

-36  45 

9.4  10.6 

256.7 

1.44 

09.624 

2 

26 

20  23    7 

-31  28 

8.8  11.1 

C.  P.  D. 

-31,6270 

333.7 

1.82 

09.615 

4 

27 

7  21  24 

-33  46 

9.3  10.5 

C.  P.  D. 

-33.1467 

45.9 

4.27 

10.136 

4 

28 

7  41  25 

-33  13 

9.1     9.5 

120.8 

4.82 

10.108 

2 

Near  Ol  29 

29 

7  42  08 

-33  34 

8.9     9.2 

C.  P.  D. 

-33,1737 

174.7 

2.84 

10.107 

3 

30 

7  58    1 

-29  14 

9.1     9.3 

C.  P.  D. 

-29,2230 

69.1 

1.01 

10.245 

2 

31 

8    3    7 

-22  37 

9.3     9.9 

C.  P.  D. 

-22,3119 

0.7 

2.77 

10.188 

3 

Triple,  A  -  C  =  0".8 

32 

8  14  35 

-25  21 

10.6  11.8 

C.  P.  D. 

-25,3480 

307.4 

1.46 

10.167 

1 

33 

8  14  49 

-30  42 

9.3     9.7 

C.  P.  D. 

-30,2387 

42.0 

3.72 

10.249 

3 

34 

8  22  39 

-30  25 

9.0  10.5 

C.  P.  I). 

-30,2477 

356.2 

3.50 

10.218 

2 

35 

8  39    0 

-25    6 

9.7  10.4 

C.  P.  D. 

-24,3807 

310.2 

3.32 

10.178 

2 

36 

8  41  24 

-24  50 

9.5  10.4 

C.  P.  D. 

-24.3822 

136.5 

1.48 

10.176 

3 

37 

8  41  34 

-24  50 

9.1   10.3 

C.  P.  D. 

-24,3823 

201.0 

1.48 

10.176 

3 

38 

8  50  25 

-35  42 

8.6     9.1 

C.  P.  D. 

-35,2991 

320.8 

1.54 

10.132 

2 

39 

9    9  25 

-33  47 

8.6  10.8 

C.  P.  D. 

-33,2529 

226.0 

4.00 

10.132 

2 

40 

9  28  53 

-25  17 

9.5  10.4 

C.  P.  D. 

-25,4183 

10.1 

1.38 

10.234 

3 

41 

9  47  29 

-27  44 

8.9     9.0 

C.  P.  D. 

-27,3889 

171.2 

1.37 

10.234 

3 

42 

10  51  19 

-30  34 

9.2  10.3 

C.  P.  D. 

-30,3232 

154.3 

3.29 

10.234 

3 

A  -  C  =  35" 

43 

10  51  34 

-30  51 

9.0     9.4 

C.  P.  D. 

-30,3235 

100.2 

1.98 

10.257 

2 

44 

12    6    0 

-33  22 

8.1   10.0 

C.  P.  D. 

-33,3204 

325.4 

2.92 

10.268 

1 

45 

17  42  42 

-34  27 

9.8  11.3 

38.5 

1.6± 

10.570 

2 

Near  C.P.D.  -34°,7115 

46 

17  45  21 

-34    4 

9.6  10.0 

C.  P.  D. 

-34,7183 

291.2 

2.25 

10.570 

2 

47 

18    0  25 

-34  19 

8.7  10.0 

C.  P.  D. 

-34,7579 

119.5 

1.63 

10.570 

2 

48 

18    4  34 

-29  29 

9.5  10.0 

C.  P.  D. 

-29,5336 

186.8 

2.82 

10.601 

2 

49 

20  15  13 

-29  25 

9.4     9.8 

C.  P.  D. 

-29,6279 

187.4 

4.18 

10.206 

2 

=  Howe  53 

50 

20  40  54 

-19  46 

9.2  10.2 

187.5 

3.71 

10.725 

3 

51    23  05    3  1 

-4  29 

9.0  10.6 

R.  D. 

-    4,5829 

346.5 

3.11 

14,790 

2 

22 
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No. 

U.A. 
1920 

Dccl. 

Magii. 

Ciitaloguc 

P 

A 

Date 
1900  + 

Nights 

Remarks 

h  m 

„ 

, 

52 

2  1  46 

-  -1  13 

8.5   9.0 

n.  I).        -   4,332 

127.0 

4.81 

16.914 

2 

=  A  2604 

53 

7  59  29 

-22  31 

9.7  12. 

337.1 

2.58 

16.604 

3 

54 

8  1  0 

-22  34 

9.4  10.9 

76.1 

3.70 

16.991 

3 

55 

2  54 

-  1  52 

9.4  12. 

54.4 

2.42 

17.869 

2 

56 

5  19  37 

-  0  3 

9.8  10.9 

110.4 

2.34 

19.274 

3 

57 

5  33  32 

-  4  56 

10.5  10.6 

22.2 

0.66 

20.334 

2 

58 

7  41  14 

-19  7 

9.7  10.6 

113.2 

1.33 

16.256 

3 

* 

59 

7  46  15 

+  11  18 

9.8  11.0 

16.8 

2.54 

18.934 

2 

S.  f.  B.  D.   +11M693 

60 

7  59  22 

+  12  53 

9.3  10.0 

B.  J).        +13,1827 

108.2 

3.75 

17.912 

2 

61 

8  6 

-25  19 

10.  11. 

176.3 

1.43 

17.907 

2 

62 

8  24  43 

-19  32 

9.5  9.7 

189. 

0.5 

17.844 

1 

63 

19  7  39 

+  9  27 

9.7  10.7 

64.0 

1.50 

17.725 

2 

64 

19  27  9 

+  11  27 

10.1  10.6 

264.9 

1.33 

17.725 

2 

65 

22  15 

+  50  14 

9.6  11.4 

?? 

3.50 

22.267 

2 

*just  p.  .).  C.  3712 

66 

6  15  17 

-  2  48 

9.5  9.8 

109.1 

3.16 

16.843 

4 

Ph. 

67 

6  18  10 

+  22  12 

8.8  10. 

37.7 

4.95 

17.784 

1 

Ph. 

68 

7  48  1 

-13  54 

11.  12. 

121.7 

3.04 

16.815 

1 

Ph. 

69 

8  12  38 

-13  52 

11.5  12. 

320.3 

2.63 

17.509 

6 

Ph. 

70 

14  30  49 

-11  42 

9.  11. 

/)'.  /).    -  1 1 ,22<)!) 

109.2 

3.11 

19.338 

4 

Ph. 

71 

19  42  15 

+  18  20 

9.5  9.6 

168.8 

4.31 

17.443 

3 

Pli. 

72 

19  43  11 

+  18  27 

9.5  9.5 

9.9 

4.31 

19.395 

3 

Ph. 

73 

20  9  32 

+20  58 

9.8  10.8 

132.5 

1.35 

18.162 

3 

Ph. 

74 

20  21  7 

+54  49 

11.  11.2 

40.7 

3.79 

16.826 

1 

Ph. 

75 

20  26  1 

+  29  52 

10.  11. 

135.2 

1.36 

19.641 

2 

Ph. 

76 

21  26  20 

-22  24 

10.  10.5 

340.  =t 

2.5  =b 

16.884 

1 

PI,. 

77 

23  59  23 

+  34  8 

9.  11. 

B.  D.        +33,!S2' 

255.6 

2.60 

19.917 

3 

Ph. 

78 

7  42  14 

+  11  14 

9.8  10.5 

277.9 

1.12 

18.204 

2 

2-  r.  .1.  ('.  i()(i3 

79 

7  27 

-  1  59 

9.8  10.6 

205.8 

1.99 

20.122 

2 

f.  J.  C.  1602 

80 

18  52 

-19  55 

9.5  11.5 

140. 

3.2 

19.500 

1 

81 

18  57 

-13  20 

10.  12. 

330. 

3.± 

19..500 

1 

A-C'=2";  12"' and  13' 

82 

19  27  36 

+  18  7 

9.8  12. 

242.4 

1.21 

20.036 

2 

35'  p.  J.  (".  2937 

83 

22  46 

-23  37 

8.8  14. 

243. 

3.8 

15.706 

1 

84 

23  28  56 

+50  43 

9.6  9.6 

143.4 

1.72 

21.279 

2 

85 

17  49  10 

+  24  51 

8.  12. 

B.  I).      +24,3274? 

232.9 

2.98 

19.279 

2 

86 

0  26  15 

+48  53 

9.7  12. 

B.  I).      +48,150? 

209.4 

0.8  ± 

21.190 

2 

noMi-  /3  G.  ('.  234 

87 

5  8  40 

-3  40 

9.7  9.8 

300.4 

2.02 

21.964 

2 

88 

17  32 

+  13  18 

9.2  10.2 

284.9 

2.48 

22.377 

3 

89 

17  47  34 

+  54  13 

9.5  10. 

170.1 

0.71 

21.298 

2 

90 

18  58  34 

+  10  14 

10.2  10.8 

86.8 

1.20 

20.580 

2 

91 

19  05  12 

+  12  56 

10.2  10.5 

2.3 

0.70 

20.580 

2 

92 

19  38 

+  12  56 

9.9  12. 

176.2 

2.52 

20.580 

2 

93 

19  51  28 

+  11  41 

9.8  11.2 

159.9 

1.50 

21.714 

2 

94 

5  4  13 

—  3  36 

10.  12. 

263. 

2.2 

21.940 

1 

95 

5  11  04 

+  1  3 

9.2  9.5 

202. 

0.8 

21.940 

1 

near  .1.  C.  820 

96 

6  25  07 

+  21  7 

9.2  10. 

B.  b.        +21,1259 

65. 

4.7 

21.849 

1 

97 

7  35  24 

-10  12 

9.8  12. 

229. 

2.1 

20.168 

1 

p.  J.  {".  1648 

98 

14  20  17 

+  1  0 

10.  12. 

330. 

2.2 

21.242 

1 

!so(>n  22.381 

99 

16  51 

-17  53 

9.  13.5 

128. 

2.6 

21.264 

1 

100 

17  12 

-17  55 

9.  12.2 

.187.6 

3.30 

21.264 

2 

101 

17  21 

+  2  24 

10.  10.6 

314. 

3.4 

21.483 

1 

jui^t  p.  J.  ('.  2504 

102 

17  47 

-20  43 

10.  12. 

276. 

3. 

21.264 

1 
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X(i. 

R..\. 
1920      - 

Bed. 
1920 

M;igil. 

Catalogue 

P 

A 

Date 
1900  + 

Xights 

Remark 

- 

h     m      s 

O            1 

^ 

o 

103 

18  03 

-27  40 

9.5   11. 

271. 

1.4 

21.242 

1 

104 

18  14 

-18  06 

9.5   10.5 

213. 

3. 

21.264 

1 

105 

18  48 

+  15     0 

10.8   11.8 

146. 

2.7 

21.726 

1 

106 

19  43  11 

+  14  58 

10.      10.5 

215. 

3.2 

21.726 

1 

107 

4  29  52 

+  16  20 

10.      10.1 

148.9 

4.43 

17.438 

3 

Pll. 

108 

7  49  15 

-13  52 

11.5   12. 

133.8 

4.80 

16.815 

1 

Ph. 

109 

9  12  27 

+  37    3 

10.      11. 

60.4 

2.30 

19.094 

2 

Pll. 

110 

20    0 

4-21  56 

10.8   11.0 

348. 

1.2± 

22.509 

1 

*     Measures  discordant. 

.J.  C.     Jonckheere's  Catalogue  of  Double  Stars. 

Ph.        Discovered  on  parallax  plate. 


0' 

.5  to  r 

.0 

10 

1 

.0  to  2 

.0 

35 

2 

.0  to  3 

.0 

28 

3 

.0  to  4 

.0 

24 

4 

.0  to  5 

.0 

12 

5 

.0 

1 
110 

It  will  be  seen  that  73  are  under  3",  while  if  the  third 
component  of  Ol  31  is  counted  we  have  11  under 
1".0.  Large  numbers  of  faint  pairs  of  from  3"  to  5" 
separation  have  been  passed  over  without  any  attenapt 
to  list  them.  From  the  fact  that  66  arc  not  identified 
in  catalogues,  the  magnitudes  are  on  an  average  fainter 
than  the  Aitken  stars  and  probably  more  nearly  com- 
parable to  Jonckheere's  in  this  particular.  For  the 
66  unidentified  stars,  the  coordinates  were  determined 
at  the  telescope  or  on  the  parallax  plates,  though  in 
many  cases  the  former  were  also  plotted  on  the  B.  D. 
charts  and  more  accurate  positions  derived.  In  all 
cases  the  declinations  may  be  depended  upon  to  =tl', 
but  for  cases  where  the  right  ascensions  are  given  to 
only  whole  minutes  of  time,  the  error  may  be  larger 
than  ±1  niin.  This  is  due  to  the  fine  declination 
and  rough  hour  circle  having  been  used  respectively  in 
such  cases.     The  doubles  Ol  66  to  77  and  Ol  107  to 

109,  inclusive,  were  found  upon  the  parallax  plates 
when  certain  of  these  were  examined  by  the  writer. 
The  rest  were  found  visually,  Ol  1  to  15  and  Ol  51  to 

1 10,  inclusive,  with  the  26-inch  McCormick  telescope, 
Ol  16  to  50,  inclusive,  with  the  12-inch  Lick  telescope. 
Remeasures  of  those  first  discovered  have  been  under- 
taken, but  only  a  few'  have  been  finished  and  some 
others  started.  A  table  of  these  results,  whether 
already  pulilished  or  not,  is  given. 

In  closing  it  .should  be  emphasized  that  no  .system- 
alic  scarcii  for  new  doubles  has  ever  been  attempted 


Reme.\sures 


No. 

Magn. 

p 

A 

Date 

Nights 

1 

274.8 

3.07 

9.131 

1 

2 

227.4 

9.131 

1 

2 

9.2    11. 

223.9 

3.99 

16.773 

3 

3 

61.1 

1.67 

9.131 

1 

3 

8.7     9.2 

60.2 

1.50 

16.750 

2 

4 

9.6     9.8 

73.2 

1.90 

10.180 

2 

4 

9.2     9.4 

252.4 

1.88 

15.845 

3 

6 

48.6 

3,64 

15.932 

2 

]\Iot:()n? 

9 

9.3  10.7 

330.6 

2.61 

18.503 

3 

14 

9.4     9.7 

338.3 

1.02 

22,332 

2 

15 

24.1 

1.70 

22,332 

2 

16 

Am,  0.2 

194:6 

1.26 

21,242 

1 

18 

Am,  0.4 

119.8 

1.82 

20,371 

2 

20 

344.8 

0.57 

19,500 

1 

21 

152.8 

1.77 

19,500 

1 

22 

266.7 

0.58 

19.500 

1 

24 

Arr,  0.1 

36.4 

0.6* 

16.719 

1 

31 

9.2  10.1 

356.4 

3.10 

16.096 

5 

AC  -  L 

31 

9.5     9.6 

167.5 

0.80 

17.844 

1 

AC 

32 

10.3  11.1 

299.8 

1.52 

17.907 

2 

59 

10.     10.8 

17.6 

2.52 

22.370 

2 

60 

9.1     9.9 

107.2 

3.58 

22.183 

3 

66 

110.5 

3.18 

18.931 

3 

78 

9.5  10. 

280.3 

1.39 

20.113 

1 

*ITnable  to  identify,  1921. 

and  only  at  occasional  intervals  has  an  hour  more  or 
less  been  given  to  looking  for  these  objects.  Most 
of  the  110  listed  were  picked  u])  (luite  casually. 

Leander  McCormick  Ubscrmtori/, 
Universily  of  Virginia 
1922,  Dec.  S. 


T  II  10     A  8  T  R  0  N  O  MI  C  A  L     J  0  U  11  N  A  L 


N"»-  81S-S19 


OBSERVATIONS  OF  COMETS, 

\\  ITll    THE   2()-IN(.ll    KEFRACTOR   OF   THE    U.  S.    NAVAL   OU8EUVATOUV, 

Hy  ERNEST   CL.\RE  BOWER. 
[Coininuiilcatwl  by  Captain  W.  D.  MacDougall,  U.  S.  Navy,  Superintendent  of  U.  S.  Naval  Observatory.] 


(i.  M.  T. 

App.  a 

App.  d 

#-* 

Com[). 

log  pp 

Ap.pl.  red.  of  "^ 

Seeing 

* 

1922  6  {Skjcllenip) 

May  23.59472 

_  24.59868 

29.64559 

31.60520 

June  20.69885 
21.720.53 

8  26  49.68 
S  32  46.31 

9  7  11.60 
9  23    1.19 

13  31  58.40 
13  45    9.25 

+  25  31     9.7 
+  26  34  45.2 
+  32  17  51.6 
+  34  38  28.5 
+48    9    0.7 
+47  50  14.4 

-1  23.22   -3  34.6 
-0  21.02   +4  15.3 
+  2    7.22   -8  47.9 
-0    9.47   +4  30.9 
+  0    6.12   +1  50.7 
+  0  17.19    -0     1.2 

^25  ,    5 
dlO  .    8 
<35  ,    7 
f/10,  10 
dlO  ,  10 
rfll  ,    8 

9.681   0.603 
9.687  0.600 
9.732  0.639 
9.714  0.495 
9.774  0.052 
9.792  0.204 

+  0..59    -8.2 
+  0.60    -7.9 
+0.64   -5.5 
+  0.67    -4.4 
+  1.38  +8.6 
+  1.45   +9.0 

/ 
/ 
/ 
P 
f 
P 

1 
2 
3 

4 
6 

7 

1922  d  {Skjellenip) 

Di-f.     5.87487 

1151  28.. 52 

-19  48  16.0 

+  0  18.44    -4  28.0  i  dW  ,    8  |  9.541/(0.832  \  +2.62   -9.3 

P 

9 

May  2.3.  12'".  Faint.  DifTuso.  Clouds.  Wry  poor  observation.  May  24.  12'".  I'aint.  IMay  29.  10'".  Msililc  in  2-in. 
Poor  ob.scrvation.  May  31.  Very  faint.  Moonlight.  Clouds.  .June  20.  Very  faint.  Visible  in  5-in.  Poor  observation.  June  21. 
Faint.     N'isiblc  in  5-in.     Poor  observation.     Dec.  5.     Bright  moonlight. 

Mean  Places  of  Comparison  Stars 


* 

a 

5 

Authority 

1 

h       m      s 

8  28  12.31 

+  25  34  .52.5 

A .  G.  Crtmb.  4574 

2 

8  33     6.73 

+  26  30  37.8 

A.  G.  Cmnh.  4612 

3 

.      9     5     3.74 

+32  26  45.0 

A.  G.  Leiden  "iin 

4 

9  23     9.99 

+34  34     2.0 

H.  D.  +34.1995(9.5)  comp.  with  5,  1922  June  23,  Aa  =   -2'"  57» 
A6  =  +46".0,  1922.0. 

75. 

5 

9  26     7.74 

+  34  33   16.0 

y^A.  G.  {Leiden  3888  +  Lund  4647) 

6 

13  31  50.90 

+48     7      1.4 

A.  G.  Bonn  9030 

7 

13  44  .50.31 

+  47  50     6.6 

11'",  comp.  Willi  S,   1922  Dec.  29,  Ao  =  +6'"  9»..58,  A5  =  +1'  36' 
1922.0. 

'.5, 

8 

13  38  40.73 

+  47  48  30.1 

A.  G.  Bonn  9082 

9 

11  51     7.46 

-19  43  38.7 

y2  Aslr.  Hyd  (-19.1148,  37188  +  -20.11.52,  42922). 

[/.  S.  Naval  Ohsermtonj,  Wajihington,  D.  C, 
1933,  Jan.  31. 


C  0  N  T  E  N  T  8  . 
Observations  of  the  Satellites  of  Saturn,  1914-15,  by  Asaph  Hall. 

OCCULTATIONS   BY   THE    MooH.    1921-22,    BY   AsAPH    HaLL   AND    EhNEST   ClAUE    BowKH. 

A  Revlsed  Li.st  of  thf,  Olivier  Double  Stars,  by  Chas.  P.  Olivier. 
Observations  of  Co.mets,  hv  Ernest  Cl.\re  Bower. 

Editor,  BE.NjAMf.N-  Boss,  Albany,  N.  Y.;  Associate  Editors:  E.  E.  Barnard,  Ernest  W.  Brown,  F.  R.  Moulton  and  R.  S.  Woodward. 
Published  bv  the  Dudley  Observatory,  Albany,  N.  Y.,  U.S.A.,  to  which  all  Communications  should  be  Addressed.  Price  $5.00  the  Volume. 
Press  of  Thos  P.  Nichjls  &  Son  Co.,  Lynn,  Mass.     Closed.  March  5,  l'J23. 
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EDWARD  EMERSON  BARNARD,  since  1914  an  Associate  Editor  of  the  Astronomical  Journal,  and 
one  of  the  foremost  among  American  scientists,  died  at  his  home  near  the  Yerkes  Observatory  on  February  6, 
1923.  His  death  brought  to  a  close  a  career  which  was  among  the  most  notable  and  inspiring  in  the  annals  of 
American  science. 

Barnard  was  born  in  Nashville,  Tenne.s.see,  December  16,  1857.  His  father  died  before  he  was  born.  His 
early  education  was  given  him  by  his  mother,  who  died  in  1884.  Forced  by  family  circumstances  to  seek 
employment  at  an  early  age,  he  became  a  helper  in  the  photographic  studio  of  the  brothers  Calvert  in  Nashville 
where  he  received  a  training  in  photography  which  was  to  be  of  incalculable  aid  to  him  in  later  life.  At  this 
time  his  attention  was  directed  to  astronomy  through  the  reading  of  Dick's  "The  Practical  Astronomer"  and 
the  interest  so  aroused  resulted  in  the  acquisition  in  1877  of  a  five-inch  telescope,  with  which  he  discovered  sev- 
eral comets  and  made  some  studies  of  the  planets.  His  early  discoveries,  coupled  with  his  earnestness  and  zeal, 
attracted  the  attention  of  the  chancellor  and  instructors  of  the  newly-established  Vanderbilt  Universit}^  and 
in  1883  he  was  offered  a  fellowship  there  and  placed  in  charge  of  the  six-inch  telescope.  In  spite  of  his  lack  cf 
early  education  he  was  able  bj'  studying  night  and  day  to  graduate  from  Vanderbilt  in  1887.  By  this  time  bis 
astronomical  studies,  especially  his  discoveries  of  comets,  had  made  such  a  reputation  for  him  that  he  was  selected 
as  a  mendjer  of  the  staff  of  the  Lick  Observatorj'. 

While  at  Lick  Observatorj'  he  continued  his  visual  work  on  comets  and  the  planets  and  developed  the 
methods  of  photographing  comets,  nel)ula;,  and  the  star  clouds  in  the  Milky  Way.  On  September  9,  1892  he 
discovered  the  fifth  moon  of  Jupiter.  In  recognition  of  this  discovery  he  was  awarded  the  Lalande  Gold  Medal 
of  the  French  Academy  of  Sciences  in  1892  and  the  following  year  the  Arago  Gold  Medal  of  the  same  academy. 

In  1895  Barnard  resigned  his  position  at  Lick  Observatorj'  to  become  Professor  of  Astronomy  in  the  Uni- 
versity of  Chicago  and  Astronomer  in  the  Yerkes  Observatory,  where  he  remained  until  his  death.  His  work 
there  has  covered  micrometric  and  photographic  observations  of  practically  every  type  of  object  in  the  sky. 

Barnard  was  distinctly  an  observer.  AVhile  thoroughly  philosophic  in  his  method  and  in  his  attitude 
of  mind,  his  interest  was  in  discovery  and  description  rather  than  in  theory.  His  published  works  number  more 
than  eight  hundred,  covering  such  subjects  as:  discoveries,  positions,  photographs  and  drawings  of  comets; 
photographs  and  drawings  of  the  surface  details  of  the  planets;  measures  of  the  sizes  and  positions  of  the  sat- 
ellites and  primaries;  light-curves  of  variable  stars  and  nebuliE;  discussions  of  meteor  trails  and  methods  of 
defining  them  precisely;  discussions  of  the  technique  of  photography  and  the  performance  of  lenses;  dates  and 
descriptions  of  aurorse;  measures  of  the  more  difficult  double  stars;  micrometric  measures  of  the  positions  of 
Eros;  photographs  of  terrestrial  cloud  forms;  photographs  and  descriptions  of  the  solar  corona;  observations 
of  the  Zodiacal  Light,  the  luminous  night  haze  and  the  (Jegenschein,  which  he  discovered  independently  in  1883; 
discovery  of  the  faint  star  in  Ophiuchus  which  has  the  largest  known  proper-motion;  and  discovery  and  catalogue 
of  the  dark  nebula-.  His  photographs  and  descriptions  of  the  Milky  Way  and  of  comets  made  at  Lick  comprise 
Vol.  XI  of  the  Puhlications  of  the  Lick  Observatory.  His  "Atlas  of  the  Milky  Way,"  upon  which  he  was  at  work 
at  the  time  of  his  death  will  be  published  by  the  Carnegie  Institution  of  Washington.  An  extensive  series  of 
triangulalions  of  many  of  the  globular  clusters  is  yet  unpublished. 

(25) 
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As  a  result,  of  his  long  ami  iiotaMc  activity  Bahnahd  was  the  recipient  of  many  iionors.  In  adtlitioii  to 
those  he  reecived  us  a  ilirect  result  of  the  discovery  of  the  fifth  satellite  of  JupiUr,  he  was  awarded  in  1S07  the 
Gold  Medal  of  the  Royal  Astronomical  Society  of  London;  in  1900,  the  Jansscn  Gold  Medal  of  the  French 
Academy;  in  190(3,  the  Janssen  Medal  of  the  Societc  Astronomi(iue  de  France  and  in  1917,  the  Bruce  Gold  Medal 
of  the  Astronomical  Society  of  the  Pacifie.  He  was  a  member  of  the  National  Academy,  the  American  Academy, 
Foreign  Associate  and  Fellow  of  the  Royal  Astronomical  Society,  Honorary  Member  of  the  Royal  Astronomical 
Society  of  Canada,  Vice  President  in  1898  of  the  American  Association,  and  member  of  the  American  Philo- 
sophical Society,  the  American  Astronomical  Society  and  the  Societe  Astronomique  de  France.  In  1914  he 
was  made  a  trustee  of  the  Benjamin  Apthorp  Gould  Fund  of  the  National  Academy  and  an  Associate  Editor 
of  the  Astronomical  Journal.  He  was  married  on  January  27,  1881  to  Miss  Rhoda  Calvert,  sister  of  his  earliest 
employers,  whose  death  occurred  less  tium  two  years  before  liis  own. 


ON   THE   REAL   MOTIONS   OF   THE   STARS   (PAPER  3), 

By   benjamin   BOSS,   IIAUHY   HAYMOND  anu   RALPH   E.  WILSON. 


This  paper  is  a  continuation  of  two  of  similar  title 
by  Benj.wiin  Boss''^,  and  is  based  upon  the  system  of 
paralla.xes  described  in  the  second  of  tiieui.  Parts  of 
this  investigation  have  already  lieen  published  in 
abstract  form^'*,  but  it  seems  desirable  to  publish  the 
whole  in  somewhat  greater  detail,  especially  as  some 
of  the  numerical  results  have  been  slightly  changed  by 
revision  of  the  data. 

The  material  consists  of  a  list  of  520  stars  of  known 
radial  velocity,  proper-motion  and  parallax  (>0".00r)), 
collected  before  the  publication  of  the;  last  list  of  Mt. 
Wilson  parallaxes^.  From  these  the  rectangular  com- 
ponents of  the  velocity  (x,  y,  z),  the  coordinates  of  the 
apex,  {A,  D),  and  the  amount  of  motion,  {V),  relative 
to  the  assumed  motion  of  the  stellar  system  were  com- 
puted for  each  star  by  the  formula-: 

X  =  p  cos  a  cos  6  —  .s/i  sin  a  —  i<n'  cos  a  sin  5  +  .To 

-•    —        -:-         I-     I      ..      „    '  ^j,-,    jj  j^Ji^  g    _|_   y^^ 

+  Sfj.'  COS  5  +  Z(> 

tan  A  =  ii/x         sin  D  =  z/\ 


y  =  P  sin  a  cos  6  +  47/  cos  a  —  six 


z  =  P  sin  5 

V-  =  X-  -\-  y-  +  z- 


Thesc  coordinates  are  on  the  equatorial  system:  x  is 
toward  the  First  Point  of  Aries  and  z  toward  the  North 
Pole.  The  unit  of  x,  y,  2,  p,  and  V  is  the  kilometer  per 
second,  and  that  of  p.  and  p  the  second  of  arc  per 
century;  s  =  .04738/7r.  The  solar  motion  was  as- 
sumed to  be  22  km.  per  second  toward  A  =  270°;  D 
=  -1-30°;  whence  x^  =  0,  ya  =  -19.05,  Zg  =  -|- 11.00. 
This  value  was  based  upon  recent  work  here  and  at 
Mt.  Wilson''^,  an,(l  seems  to  be  near  enough  to  the  true 
value  to  leave  the  distribution  of  the  apices  essentially 
free  from  systematic  distortion  on  this  account. 


Among  the  outstanding  features  of  the  distributiofi 
of  the  apices  is  the  clustering  of  the  apices  of  A  type 
stars  in  the  region  around  right-ascension  270°.  These 
stars  represent  the  Ursa  Major  group  moving  toward 
an  apex  at  A  =  282°;  D  =  +2°;  with  a  group  motion 
of  32  kilometers  per  second^'  .  The  distribution  of 
the  apices  of  late  type  stars  clearly  indicates  preferen- 
tial motion  in  the  direction  defined  by  Kapteyn. 
Both  the  giant  and  dwarf  stars  show  the  clustering  of 
the  apices  about  the  vertices  of  preferential  motion. 
In  addition  the  apices  of  the  giants  tend  to  cluster 
north  of  the  equator  from  250°  to  300°  right-ascension'. 
The  peculiar  distribution  of  the  apices  of  the  high 
velocity  stars  will  be  mentioned  later. 

Solutions  for  the  solar  motion  were  made  by  the 
method  of  Bkavais.     The  ctpiations  are: 

.Tu  —  X  =  Xo  =  Vo  COS  ^1)  cos  1)„ 
//(I  —  y  =  Yo  =  Vo  sin  .4,1  cos  /)o 
z  0—  z  =  Zo  =    Vi)  sin  1)„ 

The  material  was  divided  into  "large  velocities,"  >  80 
km.,  and  "small  velocities,"  <  80  km.  Each  of  these 
groups  was  divided  into  sub-groups,  A  and  li  types, 
F  —  M  giants,  and  F  —  M  dwarfs,  and  separate  solu- 
tions were  made  for  each  group  and  sub-group,  except 
the  large  velocity  A  —  B  sub-group,  which  contained 
but  three  stars.  Four  small-velocity  stars  were 
omitted  from  the  sub-groups  because  of  doubtful 
classification  but  were  subsequently  assigned  two  to 
the   A — B   and    two   to   th(>   dwarf  sub-group.     Three 
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stars    with    abnormal    space    velocities    were    omitted. 

Table 

I  — 

Solar 

Motion 

These  are,  respectively,   0.   Arg.   S.    14818,   747  km.. 

Lai.  28607,  706  km.,  and  B.  D.   +19°  1185,  595  km. 

No. 

A, 

Oo 

Fo 

No  other  velocities  exceed  400  km.     The  results  of 

the  solutions  for  the  coordinates  of  the  solar  motion 
appear  in  Table  L 

The    systematic    motions    were    determined    by    tlie 
method  set  forth  by  Raymond*.     The  corrections  for 

Small  V. 

Giant 
Dwarf 
A—B 

All 

182 

187 

72 

445 

268.6 
274.9 
262.1 
270.3 

+  18.4 
+  35.5 
+  35.0 

+  29.2 

20.0  km. 
24.8 
13.7 
20.7 

perspective,    distribution,    and    distance,    described    in 

sections  4  to  6  of  his  paper,  were  omitted  as  they  do 

not    apply    to    space    velocities.     Separate    solutions 

Large  V. 

Giant 

18 

278.4 

+  52.8 

90.3 

were  made  as  for  solar  motion,  the  results  being  shown 

Dwarf 

51 

304.5 

+  45.2 

89.5 

in  Table  II. 

All 

72 

297.5 

+  46.0 

87.8 

Small  V. 

Giant 
Dwarf 

A  -  n 

All 

Large  1'. 
Giant 
Dwarf 
All 

A.  J.  718 
Small  n 
Large  /u 


Ay 


D, 


01° 

+  5 

89 

+27 

98 

+  14 

93 

+  18 

88 

+  23 

83 

+52 

86 

+  46 

92 

+   4 

92 

+  35 

TABLE   II 

Systematic  Motion 

Xl  A2  Dn 

547 

1174 

296 

758 

10834 
16761 
15293 


5° 

+  49° 

303 

196° 

+41° 

181 

273 

+  63 

564 

180 

+   2 

348 

1 

+28 

92 

212 

+  59 

40 

319 

+  64 

385 

189 

+  18 

262 

348 

+  24 

1817 

216 

+  56 

1175 

288 

+35 

63^3 

189 

+  12 

3082 

298 

+39 

4529 

194 

+  17 

2647 

353 

+  65 

184 

+  25 

332 

+  36 

212 

+  34 

The  last  two  lines  are  derived  from  the  proper- 
motions  of  the  stars  of  the  Preliminary  General  Cat- 
alog^. Certain  tendencies,  such  as  that  of  Di  to  be 
smaller;  i.  e.,  galactic  longitude  larger;  and  of  A2  and 
Di  to  be  larger  for  the  small  velocities  than  for  the 
large,  are  seen  to  be  common  to  both  the  proper- 
motions  and  real  motions. 

Three  problems  arising  from  these  results  require 
more  than  a  mere  passing  notice.  They  are:  (1)  the 
trend  of  the  Fo's  in  Table  I,  (2),  the  difference  between 
the  poles  of  preference  derived  from  large  and  from 
small  velocities  in  Table  II:  and  (3)  the  relation  of  the 
X's  in  Table  II. 

1.  The  progression  of  Vo  with  the  velocities  of  the 
stars  would  seem  natural  enough  if  we  were  dealing 
with  proper-motions  alone.  Such  a  progression  of 
M,  the  parallactic  motion,  is  always  found  and  is 
attributed  to  the  greater  mean  parallax  of  the  swifter 
moving  stars.  In  other  words,  their  high  speeds  are 
largely  apparent  only.  Evidently  no  such  explana- 
tion applies  here.  When  the  motions  are  examined  in 
detail  a  marked  tendency  for  the  large  velocities  to 


^^^-^^ 

:4 

^^^^^^^^^^ 

^^^ 

/^^21_     -■*     -z^' 
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\\YYX\\V\AA\ 

tl  1 1 1  1       p'rVll 
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V  ImTn 

II          (• .'  K 

1 

•     / 

VVW\\\\\\.\U  '   1  1  M  1 

-^-i-i-J-UJ^J-UIITTT/ 

VvVWvtV\\\\\\\.-\  \  1  II 

--UJJMJlZ777y7'7W 

^^^ 
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-Ujj//./77C/764^A'C^ 

v^xW.  -■ 

^^ 

skw-VV  -, 

1 1 J.'^'/// 

^^: 

^^A 

-90* 
Figure  1 

favor  a  particular  direction  is  seen'.  (See  Figure  I.) 
This  peculiarity  in  the  motions  of  these  stars  was 
noted  by  Boss  in  1918''^  and,  independent!}',  by 
Adams  and  Joy  in  1919'".  The  stars  are  found  to  be 
moving  approximately  toward  a  region  of  the  Galaxy 
extending  from  galactic  longitude  130°  to  340°.  Oort" 
finds  the  limits  130°  to  342°.  The  fact  that  no  stars  of 
high  velocity  are  moving  toward  points  opposite  this 
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roRion  renders  it  prohahle  that  we  are  dealinp;  with  a 
pliy.sical  group  ami  eertaiiily  aeeoiints  for  the  high 
velocity  of  the  solar  motion  derived  from  sueh  data. 
It  is  probable  that  the  increase  in  the  declination  of 
the  solar  apex  with  decrease  in  apparent  magnitude, 
noted  by  several  investigators,  is  attributable  to  this 
cause,  for  in  general  the  stars  of  fainter  magnitude 
employed  in  the  investigations  are  those  with  high 
space  velocities.  The  group  of  high  velocity  stars  is  not 
similar  to  such  groups  as  the  Taurus  cluster  for  it  fans 
out,  but  the  motions  are  entirelj'  at  variance  with  gen- 
eral stellar  motions  and  demand  further  investigation. 


As  a  matter  of  interest  and  partly  to  test  the  effect 
of  a  change  in  the  value  of  the  parallax  upon  the  com- 
puted elements,  a  space  velocity  of  101  km.  per  second, 
suggested  by  Coulin's  high-velocity  01  Cygni  group'-, 
was  assumed  for  62  of  tlie  high-velocity  stars  and  (he 
parallax  of  each  star  computed.  A  comparison  (if  the 
Ross  parallax,  the  latest  Mt.  Wilson  spectrographic 
parallax,  and  that  computed  on  this  assumption  is 
given  in  Table  III.  The  numbers  in  the  designation 
refer  to  the  Preliminary  General  Catalogue  and  to 
CinriiuKit/  I'liblicatio)}  No.  /<?. 


TAHl.l':    111 


St;u- 


M:ig.         Spoc. 


Hyp. 


Mag. 


S])oc. 


I?o.s.s        Mt.W. 


Hyp 


130 

4.5 

G5 

.032 

.014 

.031 

2027( ' 

6.7 

KO 

.()()() 

.064 

177C 

8.0 

F8 

.02(1 

.022 

.022 

3895 

5.2 

CO 

.0.-i2 

.016 

.042 

229(: 

7.9 

r.5 

.022 

.032 

.025 

3952 

4.S 

KO 

.019 

.042 

.024 

274C 

6.9 

(15 

.009 

.028 

.028 

2163(' 

().0 

C5 

.021 

.048 

.034 

500 

5.4 

KO 

.007 

.012 

.015 

224  8G 

6.8 

G5 

.086 

.063 

.082 

388C 

8.2 

Co 

.071 

.032 

.031 

4342 

7.9 

K5]i 

.053 

.  1 00 

.0()8 

764 

4.3 

C!5 

.  1 5S 

.165 

4103 

5.4 

CO 

.095 

.105 

.0(il 

984 

4.5 

(;5 

.200 

.219 

.219 

4638 

3.4 

KO 

.045 

.066 

.010 

709(' 

7.9 

Kl) 

.037 

.048 

.032 

465() 

3.9 

KO 

.018 

.033 

.016 

1373 

4.4 

KO 

.024 

.028 

.022 

2420( ' 

7.9 

C5 

.033 

.033 

.026 

1627 

(>.0 

(15 

.010 

.024 

.013 

4705 

4.1 

KO 

.019 

.020 

.015 

1783 

4.2 

K2 

.022 

.021 

.009 

4950 

5.2 

C5 

.070 

.095 

.070 

873C 

7.7 

(!5 

.047 

.017 

.026 

4961 

6.2 

F8 

.034 

.035 

.032 

949C 

6.9 

c;o 

.053 

.063 

.047 

4976 

4.6 

Ma 

.018 

.013 

.011 

2148 

6.4 

K2 

.003 

.008 

.003 

2554C 

(i.7 

KO 

.042 

.100 

.037  ■ 

2247 

3.5 

(io 

.002 

.014 

.006 

5044 

5.1 

KO 

.003 

.021 

.008 

2742 

2.6 

KO 

.002 

.030 

.020 

2620(' 

7.2 

KO 

.067 

.076 

.069 

2822 

5.8 

rs 

.045 

.042 

.035 

5180 

5.7 

KO 

.061 

.110 

.059 

2935 

7.6 

Mb 

.415 

.380 

.378 

2709(' 

7.9 

C5 

.027 

.030 

.028 

2942 

4.7 

FO 

.011 

.017 

.014 

2728(' 

8.1 

F8 

.012 

.014 

.023 

3069 

6.3 

GO 

.028 

.036 

.023 

2749C 

7.3 

F5 

.044 

.022 

.044 

1452C 

8.0 

GO 

.018 

.017 

.026 

2769C 

6.5 

C5 

.043 

.063 

.036 

3145 

6.8 

KO 

.020 

.023 

.025 

2885(' 

7.9 

KO 

.015 

.024 

.035 

1522C 

7.4 

CO 

.023 

.033 

.032 

5790 

1.9 

KO 

.020 

.024 

.017 

1524C' 

7.9 

C5 

.033 

.033 

.025 

5940 

2.6 

Ma 

.005 

.030 

.010 

3242 

4.6 

KO 

.001 

.017 

.005 

3014  (' 

7.4 

Map 

.290 

.285 

3326 

5.9 

KO 

.020 

.046 

.032 

5981 

4.5 

KO 

.015 

.024 

.015 

1687C 

6.9 

(JO 

.024 

.028 

.033 

5988 

3.8 

KO 

.023 

.022 

.030 

3662 

0.2 

KO 

.087 

.158 

.095 

308 IC 

6.8 

KO 

.014 

.058 

.043 

3734 

6.2 

F8 

.041 

.025 

.048 

3085C 

7.1 

KO 

.017 

.021 

.017 

2024C 

6.8 

G5 

.025 

.033 

.029 

3 1 1 5( " 

7.0 

CO 

.025 

.035 

.033 

neral  it  is 

found  that  th( 

computed 

parallax 

agrees 

velocities 

f)f   man 

v   of   these   stars 

may    b 

'   similar   in 

well  with  the  observed  parallaxes,  certainly  as  well 
as  the  two  sets  of  observed  parallaxes  agree  with  each 
other.     This   suggest   the    possibility    that   the   space 


size. 

In   order   to   study    further    the   distribution    of   tlie 
large  space   velocities,    the   motions  were   transformed 
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Figure  2 

)  a  new  set  of  axes,  ^  directed  toward  the  ascendi 

ig 

Figure  3 

-'»             •(«              »              S              .SI             -m             •/» 

tude  from  the  node,  and   '<;  toward  the  north  galactic 
pole.     The  equations  of  transformation  are: 

?  =  +.179  X  -.984  y 

■n  =  +.452  a:  +.082?/  +.8882 

X 

■SI 

j       1 

1            1            1 

1 [k L - 

f  =  -.874  X  -.\h9  y  +.459  2 

The  scatter-diagrams  of  the  velocities  in  the  ^17,  ^f, 
and  T)i  planes,  respectively,  are  given  in  Figures  2,  3, 
and  4.     Large  negative  values  of  both    ^  and  jj  are 

:          '^' 

m 

■'}        -l-V^v^ 

.'"..)        •  !          1 

■fl 

much  more  numerous  than  large  positive  values.     We 
have    essentially    the    same    phenomenon    found    by 
Stromberg^'  '■*  in  his  bean-shaped  velocity  figures,  by 
Adams  and  Joy'",  and,  more  recently,  by  Oort".     The 
large  negative  skewness,  about  equal  in  ^  and  -q,  sug- 

-?-" 

•     i     ■>.\::-yS 

Ip-^-i     1     \ 

J.'. 

'  i-  • 

1     1     1 

gests  the  possibility'  of  throwing  the  dissymetry  into 
one  coordinate  liy  a  rotation  of  these  axes  in  their 
plane  through  45°.     The  equations  are: 

H  =  .707  ii  +  r,) 

j        ;        i 

!          i           : 

H  =  .707  i-q  -  f) 

z  =  .(- 

The  coordinates  of  the  assumed  solar  motions  are  in 
this  system: 

Hn  =   +18.8         Ho  =   +8.2         Zn  =  +8.1 

The    (listriliufion    in    these    coordinates    is    given    in 
Table    I\',    in    wliicli    the   seventh   column    gives    the 
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TABLE  IV  —  Distribution  of  Motions 


V  <so 
II         z 
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km/s 
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The  skcwness  is  now  practically  confined  to  H. 
Possibly  a  somewhat  greater  rotation,  together  with  a 
slight  tilt  out  of  the  galactic  plane,  would  have  accom- 
plished this  perfectly,  but  this  transformation  was 
considered  sufficient  for  our  purpose.  The  distribu- 
tions of  the  H's  and  of  the  negative  H's  resemble  each 
other  in  showing  a  marked  excess  of  verj^  large  and 
very  small  values  with  a  corresponding  lack  of  inter- 
mediate ones,  while  the  distribution  of  the  positive 
H's  is  approximately  Gaussian.  The  distribution 
likewise  fans  out  toward  the  negative  E's  (See  Fig.  2), 
so  that  at  E  =  —35  the  disjiersion  of  H  is  about  a 
half  greater  than  at  E  =  0.  The  dispersion  of  E  is 
about  constant  from  H  =  -|-40  to  H  =  —40.  No  E 
exceeds  -|-80,  while  the  extension  in  the  negative 
direction  and  that  of  H  in  both  directions  seems  prac- 
tically indefinite.  The  rejected  stars  have  negative 
values  of  E,  but  are  divided  in  the  other  coordinates. 
They  seem  to  be  an  integral  part  of  the  sj'stem  of 
motions.  If,  however,  we  turn  to  the  Z  components, 
these  three  stars,  with  two  others,  (W.  B.  17''  514, 
17'>30"',  -|-6°.l  and  Arg.  S.  20452,  20M8"',  -21°.?), 
seem  rather  aberrant. 

Most  speculations  upon  the  causes  of  the  peculiari- 
ties in  the  distribution  of  stellar  velocities  have  assumed 
forces  which  should  apparently,  bring  about  a  dis- 
tribution bilaterally  symmetrical  about  each  of  the 
l^incipal  axes.  Here  is  something  quite  different, 
and  one  can  readily  believe  that  the  phenomenon  has 
some  relation  to  our  eccentric  position  in  the  galactic 
cluster.  It  would  seem  more  natural  in  that  case, 
however,  for  the  unsymmetrical  axis  to  be  directed 
radially  to  the  galactic  center;  that  is,  to  longitude 
325°  or  the  opposite'^.  On  the  contrary,  that  direction 
corresponds  nearly  to  the  H-axis.  Perhaps  the  rela- 
tion is  to  some  more  local  center  such  as  that  of  the 
fi-type  stars, '^  or  the  brightest  part  of  Gould's  belt'^ 
near  Canis  Major,  about  200°. 

AVe  are  now  in  a  position  to  sec  why  the  velocity  of 
the  solar  motion  comes  out  larger  from  the  swift- 
moving  than  from  the  slow-moving  stars.  The  skew 
axis  is  accidentally  directed  nearly,  but  not  exactly, 
toward  the  antapex,  and  as  larger  and  larger  velocities 
are  considered,  larger  and  still  larger  proportions  of 
stars  moving  in  that  direction  are  included,  thus  in- 
creasing the  computed  Vq  and  slowly  shifting  the 
apex  toward  the  +E  axis,  that  is,  toward  higher 
declinations.  This  suggests  that  determinations  of 
Vo  might  be  more  stable  if  measured  from  the  mode  of 
stellar  velocities  instead  of  from  their  mean.  Un- 
fortunately, however,  the  determination  of  the  mode 
is  not  easy  without  large  numbers  of  stars.  This 
phenomenon  bids  us  be  cautious  in  applying  the  prin- 


ciple that  the  parallactic  motion  derived  from  proi)er- 
motions  is  proportional  to  the  mean  parallax. 

2.  The  solution  of  the  second  difficulty  follows  at 
once.  If  we  should  draw  a  surface  whose  height  above 
the  EH  plane  should  at  every  point  be  proportional  to 
the  number  of  velocity-points  whose  projections  fall 
at  that  point,  the  highest  part  of  the  surface  would  lie 
in  a  ridge  whose  axis  would  have  a  longitude  of  about 
180°  —  360°.  This  is  equivalent  to  saying  that  the 
smallest  velocities  show  preferential  motion  in  that 
direction.  This  modal  ridge  would  be  very  steep 
toward  the  plus  direction  of  the  H  axis,  45°,  coming 
rapidl3'  down  to  the  plane,  but  in  the  other  directions 
it  would  spread  out  asymptotically  in  a  broad  "skirt" 
from  near  135°  throughout  225°  to  315°  or  more.  As 
F's  are  included  up  to  larger  and  larger  limits,  the 
major  axis  of  the  total  distribution  is  rotated  toward 
the  axis  of  H,  since  there  additions  at  both  ends  of  that 
axis  but  only  at  the  negative  end  of  the  H  axis.  For 
the  smallest  range  of  velocities  which  it  is  practicable 
to  handle,  the  process  has  already  liegun,  and  we  get 
vertices  in  longitudes  about  160°  or  170°,  while  for  the 
largest  range  it  is  practically  complete,  giving  longi- 
tudes about  135°.  As  the  solar  motion  is  at  the  same 
time  rotated  toward  the  S  axis,  the  apex  and  vertex, 
starting  from  about  135°  apart,  become  more  and 
more  nearly  at  right  angles  to  each  other.  This  angle 
is  exhiliited  in  the  following  table. 

TABLE   V 

Distance  from  Apex  to  Vertex 

Present  paper  small  l"s  133°  large  F's  84° 

Proper-motions*        small  /y.'s  135  large  /z's  112 
Schwarzschild's 

method'^  small  /z's  135  large  ju's  123 

Real  motions'  giant  II.")  dwarf  122 

Comstock  faint  stars'^  87 

Evidently  the  relation  lietween  giant  and  dwarf 
stars,  between  bright  and  faint  stars  and  between  early 
and  late  types,  is  of  the  same  character  as  that  between 
stars  with  large  and  small  velocities.  It  becomes  a 
matter  of  interest  to  examine  the  velocities  with  a 
view  to  ascertain,  if  possible,  which  of  these  relations 
is  primary.  For  this  purpose  the  counts  of  H  and  H 
according  to  the  three  groupings  A  and  B,  giant,  and 
dwarf  were  made  and  tabulated  in  the  second  part 
of  Table  IV.  These  counts  were  also  made  for  Z 
though  the  range  in  that  coordinate  is  smaller  and  the 
effect  of  its  peculiarities  on  the  geometry  of  the  prob- 
lem less  striking.     A  brief  inspection  of  the  table  will 
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show  that  the  characteristic  distribution  for  the  whole 
material  holds  for  the  giants  and  dwarfs  separately, 
and  probably  also  for  A  and  /^,  though  here  the  material 
is  weak.  On  the  other  hand  the  whole  scale  of  giant 
motion  is  smaller  than  that  of  <lwarf  motion,  while 
that  of  A  and  B  is  yet  smaller.  In  other  words,  these 
groups  are  similar  in  skcwness,  though  different  in 
dispersion. 

3.  The  determinations  of  the  axes  of  stellar  motion 
from  proper-motions  have  pretty  unanimously  placed 
the  least  axis  near  the  galactic  pole,  while  those  based 
upon  railial  velocities  have  almost  as  uniformly  found 
the  intermediate  axis  in  this  position  and  the  least 
axis  in  or  near  the  galaxy.  The  real  motions  agree 
with  the  proper-motion  results,  as  they  did  in  an 
earlier  paper  by  Boss''.  It  must  be  borne  in  mind, 
however,  that  the  three  classes  of  determinations  are 
not  based  upon  quite  the  same  stars;  the  radial 
velocities  are  far  scantier  than  the  proper-motions 
and  contain  a  larger  percentage  of  giant  stars,  while 
the  supply  of  real  motions  is  meager  indeed.  In  view 
of  the  persistent  systematic  differences  between,  say, 
spectral  types,  it  would  be  rather  surprising  if  the 
motions  should  prove  to  be  completely  uncorrelated  to 
those  factors  which  determine  whether  or  not  a  star 


shall  have  its  parallax  measured,  whether  its  radial 
velocity  shall  be  determined  or  not.  When,  however, 
all  the  brighter  stars  have  had  their  radial  velocities 
and  parallaxes  measured,  so  that  we  have  a  large  list 
with  all  the  required  elements,  it  will  be  possible  to 
say  whether  differences  such  as  are  found  between  the 
radial  and  tangential  motions  arise  simply  because 
they  are  radial  or  tangential  or  because  of  the  method 
of  selecting  the  material;  that  is,  whether  the  cause 
should  be  sought  in  the  geometry  of  the  motions  or  in 
the  physical  state  of  the  stars.  It  will  suffice  to  point 
out  that,  if  the  velocity  figure  were  greater,  though  of 
the  same  form  for  the  stars  outside  the  galaxy  than 
for  those  within  it,  the  difference  in  question  would 
be  inevitably  produced,  and  the  proper-motions  and 
real  motions  would  agree  against  the  radial  velocities. 
As  a  test  of  this  possibility  the  stars  were  divided 
into  two  groups:  galactic  stars  (G)  within  30°  of  the 
galactic  plane,  and  non-galactic  stars  (Ng)  outside 
these  limits.  Among  the  small  motions,  the  galactic 
half  of  the  sky  contains  60%  of  the  giant  and  A  —  B 
stars  and  47%  of  the  dwarfs;  among  the  large  motions 
these  percentages  are  54  and  50,  respectively.  Solu- 
tions for  the  solar  and  systematic  motions  give  the 
following  results: 


Group 


^n 


Do 


Vu 


TABLE   VI 

D,  .1,  D,  A, 


>80  G 

40 

305 

+45 

98 

86 

+  49 

283 

+  39 

186 

+  9 

1.5766 

6831 

2732 

>80  Ng 

32 

285 

+47 

77 

88 

+  42 

307 

+  42 

197 

+  20 

12520 

3663 

1669 

<80  G 

243 

276 

+  34 

10.5 

104 

+  17 

335 

+  12 

200 

+  19 

632 

381 

231 

<80  Ng 

202 

264 

+  23 

22.4 

84 

+  20 

279 

+  65 

176 

+  5 

879 

402 

267 

Certain  contrasts  between  galactic  and  non-galactic 
stars  appear,  but  as  some  of  these  are  of  opposite 
directions  in  the  slow  and  swift-moving  stars  and  all 
are  less  than  the  contrasts  dependent  on  the  size  of 
the  motions,  very  little  can  be  concluded.  The 
velocity  figure  for  the  slower  stars  seems  to  be  larger 
outside  the  galaxy  than  within  it,  but  not  enough 
larger  to  explain  the  interchange  of  the  second  and 
third  axes  in  the  radial  velocity  determinations  and 
this  relation  is  reversed  in  the  large  velocity  groups. 
The  distribution  of  velocities  is  almost  identical  in 
galactic  and  non-galactic  stars;  in  particular,  the 
skewness  is  practically  the  same.  It  can  be  said, 
however,  that  the  velocity  figure;  of  the  non-galactic 
stars  is  more  elongated  and  flattened  than  that  of  the 
galactic  stars. 


The  small  motions  of  the  "super-giants"  and  of 
the  stars  of  very  early  type  must  have  suggested  to 
many  astronomers  a  relationship  of  some  sort.  Hertz- 
sprung''  has  recently  suggested  that  the  "white" 
stars  represent  the  next  step  in  the  evolution  of  the 
bright,  "yellow"  stars,  or  super-giants  of  middle 
types.  It,  therefore,  seemed  worth  while  to  examine 
the  characteristics  of  the  motions  of  the  stars  brighter 
than  0.0  magnitvide.  There  are  81  of  these  stars  in 
our  list,  78  of  which  have  velocities  less  than  80  km. 
per  second.  They  were  divided  into  three  groups, 
H  -  A,  F  -  G  and  K  —  M.  The  B  —  A  group  was 
further  subdivided  into  B  and  A,  H8  and  B9  being 
placed  in  the  A  group.  The  material  was  further 
reduced    by    taking    only    those    stars    brighter    than 
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—  1.0,    —1.5,    and    —2.0,    successively.     Solar    motion 
was  derived  as  follows: 


TABLE    VII 


No. 


Type 

B 
A 


B  -  A 

F  -  a 

K  -  M 
B  -  M 

<  -1.0 
<-1.5 

<  -2.0 


Such  agreement  is  possible  only  because  of  the 
small  peculiar  velocities  of  these  stars  and  because  of 
the  fact  that,  dealing  as  we  arc  with  real  motions,  our 
results  arc  affected  by  anomalies  of  distance  and  dis- 
tribution only  insofar  as  they  impair  the  reliability  of 
our  data.  Even  so  tlie  accordance  is  surjirising 
enough. 

The  systematic  motion  of  the  78  stars  is  as  follows: 
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+  31 

21 
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25 
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269 

+  17 

23 
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273 

+  16 
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TABLE 

VIII 

Pole 

A 

D 

X 

Preference 

103" 

+  4= 

432 

Intermediate 

7 

+  44 

162 

Avoidance 

191 

+  47 

77 

The  velocity  figure  has  the  small  Dx  and  easterly  Ai 
and  Ai  characteristic  both  of  early  types  and  of  very 
bright  stars. 

The  motions  of  the  three  omitted  high-velocity  stars 
are,  in  the  H  H  Z  system,  (-194,  +143,  -26),  (-70, 
+  94,  -49)  and  (-33,  -27,  -79),  and  their  absolute 
magnitudes  are  —0.4,  —0.1,  and  —0.1.  The  spectrum 
of  one  is  Fo  and  of  the  others  Ko.  They  show  the  same 
trend  as  the  other  high-velocity  stars.  The  other  78 
are  distributed  as  shown  in  Tables  IX  and  X.  It  will 
be  seen  that  the  resemblance  to  the  B  —  A  stars  of  all 
magnitudes  (Table  IV)  is  much  closer  than  to  the 
giant  F  —  M  stars.  (The  latter  group  contains  57  of 
these  stars  and  the  former  only  21,  about  proportional 
to  their  total  numbers.)  This  resemblance  remains 
even  when  the  three  stars  not  in  Table  V  are  included. 
As  we  turn  from  dwarf  stars  through  giants  to  super- 
giants  we  pass  from  high  to  low  and  lower  peculiar 
velocities  and  dispersions,  but  still  find  the  skewness  in 
E  which  seems  to  be  characteristic  of  all  available  stars 
of  all  velocities  and  absolute  magnitudes  and  of  all  the 
common  spectral  types,  and  which  in  its  extreme  mani- 
festation appears  as  the  tendency  of  high  velocities 
toward  the  third  galactic  quadrant. 

SUMMARY 

1.  The  space  motions  of  520  stars  give  values  for 
the  solar  motion  which  agree  with  those  derived  from 
proper-motions  in  placing  the  apex  farther  north  for 
the  swiftly-moving  stars.  The  amount  of  motion  is 
greater  also  for  the  swift  than  for  the  slower  stars. 

2.  They  agree  with  the  proper-motion  results  in 
giving  a  velocity-figure  flattened  toward  the  galaxy 
and  elongated  in  the   direction  of  the   constellations 
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Motions  of  Supergiants.  By  Types 
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TA15LK    X 

Mol'lDNS    OK    SUPEKUIANTS.     Bv    AliSOLUTK    ]\L\(iNITUDES 
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Auiiya  and  Sa<iiU(iriti.-s,  with  a  U'lidciu-y  for  liic  ^\iin'ijii 
vertex  to  lie  farther  norlh  for  the  lai-gc  veloeilies. 

3.  The  large  space  velocities  show  a  strong  ten- 
dency toward  the  region  comprised  within  galactic 
longitudes  130°  to  340°.  Slight  modifications  in  the 
parallaxes  would  group  them  .still  more  closely. 

4.  Tlie  distribution  of  the  space  velocities  shows 
a  marked  skewness,  the  axis  of  greatest  skevviiess  lying 
in  about  longitude  225°. 

5.  The  first  three  phenomena  are  shown  to  be 
expressible  in  terms  of  the  fourth. 

Dudley  Observalory,  Albany,  N.  Y., 
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THE    PROPER-MOTIONS  AND   MEAN   PARALLAX  OF  THE  CEPHEID  VARIABLES, 

By  RALPH   E.  WILSON. 


The  u.se  of  the  proper-motions  of  the  Cepheid  variables 
as  the  determining  factor  in  modern  estimate.s  of  the 
size  of  our  stellar  sj'stom  considerably  enhances  the 
importance  of  deriving,  as  soon  as  is  consistent  with 
accuracy,  the  motions  of  as  man_v  as  possible  of  these 
stars.  From  the  comparison  of  the  magnitudes  of 
special  classes  of  stars  in  the  globular  clusters  with 
those  outside,  Shapley  was  led  in  1918^  to  the  con- 
clusion that  the  diameter  of  the  stellar  system  must 
be  at  least  300,000  light  .years,  or  ten  times  as  large  as 
earlier  investigators  had  indicated  it  to  be.  One  of 
the  most  fundamental  points  in  his  deductions  seems 
to  be  in  the  determination  of  the  zero-point  of  his  scale 
from  the  proper-motions  of  but  eleven  Cepheid  varia- 
l)ies.  His  conclusions  hav(!  been  subject  to  attack  by 
Curtis',  Kapteyn  and  van  Rhijn'  and  others,  who 
hold  fhat  his  parallaxes  should  be  increased  seven  or 
eiglil  fold.  The  problem  is  so  complicated  by  the 
f|Uestions  ari.sing  from  the  inclusion  or  rejection  of 
data  that  the  judgment  of  the  astronomical  world 
has  been  held  somewhat  in  abeyance  pending  the  col- 
lection of  additional  material. 

With  these  considerations  in  mind  the  writer  has 
made  a  survey  of  all  the  meridian-circle  data  available 
for  the  Cepheids  and  for  a  number  of  other  variables  of 
unknown  type  and  period  whose  spectra  suggest 
Cepheid  variation.  The  data  includes  both  the  San 
Luis  1910-11  and  Albany  1908-17  unpublished  obser- 
vations. The  survey  has  resulted  in  the  determination 
of  new  proper-motions,  reduced  to  the  system  of 
Boss'  Preliminary  General  Catalog,  of  73  stars.  To 
these  have  been  added  10  stars  with  periods  less  than 
one  day  whose  proper-motions  were  determined  by 
Kapteyn  and  van  Rhijn^  and  one  with  proper-motion 
by  TrcKER'',  making  84  in  all.  These  stars  are  listed 
in  Table  I,  the  respective  columns  of  which  give  the 
fi>llowing  data: 


9 
10 
11 
12 
13 
14 
15 
16 


17 
18 
19 
20 
21 
22 


List  number. 

Star  and  Constellation. 

Right-ascension  for  1900. 

Declination  for  1900. 

Median  visual  magnitude. 

Draper  Classification  of  spectra.* 

Period*. 

Galactic  latitude^ 

Parallax  from  the  period-luminosity  curve. 

Proper-motion  in  right-ascension  in  tim.e. 

Same  in  arc. 

Probable  error  of  same. 

Proper-motion  in  declination. 

Probable  error  of  same. 

Total  proper-motion. 

Weight  of  same  on  the  following  .system: 


pf- 


No. 


<".010 

1.0 

58 

'.010    -    .015 

0.8 

9 

.015   -    .025 

0.5 

13 

>    .025 

0.2 

4 

These  weights  were  also  assigned  to  t. 

X  =  Distance  from  star  to  apex  of  solar  motion. 
T-componcnt  of  proper-motion. 
D-component  of  proper-motion. 
Parallactic  motion. 

Weight  of  same  =  wt.  by  (16)  X  sin-  X. 
Period-group   and   rejections.     The   reasons   for 
the  rejections  are  given  below  the  table. 

*The  more  recent  photometric  data,  together  with  the  cla.ssifica- 
tion  of  spectra  from  19  to  0  hours  of  right-ascension,  were  supplicfl 
by  the  Harvard  College  Observatory.  Apparently  all  of  these 
spectral  cla-sscs  vary. 

(35) 
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TABLE   I 


Star 

1 

1 

^ 

c. 

Period 

b 

Tj 

Ml 

u. 

M 

X 

' 

V 

wt. 

G 

"d 

•o 

S 

■/; 

fe 

s 

ii    III 

o       - 

il 

o 

, 

a 

, 

„ 

, 

, 

, 

o 

, 

, 

„ 

1 

Sir  And 

0  18.4 

+28  51 

9.3 

0.442 

-33 

.0012 

-.0007  -.009  ± 

.013 

-.004  ± 

.010 

.010 

0.8 

80 

+.008 

-.006 

-.006 

.77 

I 

2 

TV  Cas 

20.9 

+50  44 

7.9 

F2 

2.137 

-11 

.0015 

+ 

39  +.037 

18 

-.071 

32 

.080 

0.2 

70 

+.050 

+  .063 

+  .067 

.18 

11 

3 

RX  Cei> 

12.0 

+81  25 

7.6 

GO 

130.: 

+  19 

— 

81  -.018 

01 

-.006 

09 

.019 

1.0 

62 

+  .011 

-.015 

-.017 

.78 

R 

4 

a  U  Mi 

1  22.6 

+88  46 

2.1 

F8 

3.968 

+26 

.0160 

+.138:  +.046 

01 

+  .001 

01 

.046 

1.0 

60 

-.018 

+.043 

+  .049 

.76 

n 

5 

RR  Ctt 
r  Tri 

27.0 
49.7 

+  0  45 
+33  16 

8.6 
11.6 

0.5.53 
0.447 

-59 

-27 

.0016 
.0004 

.  ..    +.011 

04 
00 

-.0(;8 
-.010 

04 
06 

.069* 
.023* 

1.0 
1.0 

lOS 
9:5 

+  .0.52 
-.CK)5 

+.046 
+  .022 

+  .049 
+  .022 

.90 
1.00 

I 
I 

.  .  .    +.021 

7 

SU  ('a.1 

2  43.0 

+68  28 

5.9 

1''5 

1.950 

+  9 

.0038 

+  .0021  +.012 

01 

-.006 

02 

.014 

1.0 

75 

-.005 

+  .012 

+  .012 

.93 

II 

8 

SZ  Tail 

4  31.4 

+  18  20 

7.1 

GO 

3.149 

-17 

.0018 

+ 

12  +.017 

07 

-.014 

08 

.022 

l.O 

127 

-.009 

+.020 

+.025 

.64 

II 

9 

RX  Eri 

45.2 

-15  54 

9.2 

0.587 

-32 

.0012 

± 

00  ±.000 

26 

+  .064 

24 

.064 

0.2 

158 

-.047 

-.043 

-.111 

.07 

I 

10 

SU  Aur 

49.6 

+30  24 

8.7 

C.470 

—  7 

.0016 

+ 

19  +.025 

10 

-.034 

11 

.042 

0.8 

117 

-.014 

+.039 

+  .044 

.63 

I 

U 

RX  Atir 

54.5 

+38  49 

7.6 

GOp 

11.626 

±  0 

.0006 

— 

27  -.031 

17 

±.000 

22 

.031 

0.5 

109 

+  .030 

-.008 

-.OOS 

.45 

II 

12 

SS  Gem 

6    2.5 

+22  38 

8.8 

G5 

44.S7 

+  2 

.0002 

- 

06  -.008 

12 

+  .002 

12 

.008 

0.8 

127 

+  .008 

-.002 

-.003 

.51 

K 

13 

T  Mon 

19.8 

+  7    8 

6.2 

G5p 

27.012 

-   1 

.0007 

- 

20  -.030 

OS 

+  .004 

08 

.030 

1.0 

143 

+  .031 

±  .000 

±  .000 

.37 

II 

14 

RT  Aur 

22.1 

+30  34 

5.3 

GO 

3.72S 

+  11 

.0038 

+ 

11  +.014 

03 

-.020 

02 

.024 

1.0 

119 

-.016 

+  .021 

+  .024 

.7(i 

11 

15 

W  Clem 

29.2 

+  15  24 

7.1 

G5 

7.916 

+  5 

.0010 

+ 

01  +.001 

OS 

-.010 

08 

.010 

1.0 

134 

-.003 

+.010 

+.014 

.52 

II 

16 

f  Gem 

58.2 

+20  43 

4.0 

GOp 

10.154 

+  13 

.0036 

- 

04  -.OOC) 

01 

-.009 

01 

.010 

1.0 

127 

+  .004 

+  .010 

+  .013 

.63 

II 

17 

RV  Cam 

7  10.9 

+69  52 

8.4 

KO 

22.17 

+29 

.0002 

+ 

71  +.037 

06 

-.009 

21 

.038 

0.5 

79 

-.039 

-.001 

-.001 

.48 

II 

18 

r  Mon 

26.0 

-  9  34 

7.1 

(is 

56.: 

+  5 

.0(K)4 

- 

14  -.021 

08 

-.017 

08 

.027 

1.0 

151 

+  .005 

+  .027 

+  .0.56 

.23 

K 

19 

X  Pup 

28.5 

-20  42 

8.5 

KO 

25.953 

=t  0 

.0002 

+ 

06  +.008 

17 

+  .036 

17 

.037 

0.5 

158 

+  .027 

-.025 

-.067 

.07 

11 

20 

RS  Pup 

8    9.2 

-34  17 

7.4 

KO 

41.31 

±  0 

.0003 

- 

20  -.025 

18 

-.003 

20 

.025 

0.5 

152 

-.003 

+  .025 

+.054 

.11 

R 

21 

I'  Car 

26.7 

-59  47 

7.8 

G5 

6.695 

-12 

.0009 

- 

OS  -.006 

09 

-.017 

08 

.018 

1.0 

141 

-.017 

-.005 

-.008 

.39 

II 

22 

RZ  Vel 

33.6 

-43  46 

7.0 

KO 

±  0 

- 

31  -.033 

06 

+  .001 

06 

.033 

1.0 

146 

-.006 

+  .032 

+.058 

.30 

R 

23 

T  Yd 

34.4 

-47    1 

8.0 

G5^ 

4.639 

-  3 

.0010 

+ 

23  +.023 

15 

-.017 

14 

.029 

0.8 

146 

-.010 

-.027 

-.048 

.25 

11 

24 

SX  Vel 

41.5 

-45  58 

8.1 

G5 

-  2 



— 

21  -.022    . 

07 

+  .002 

08 

.022 

1.0 

145 

-.003 

+  .021 

+.037 

.33 

R 

25 

V  Vd 

9  19.2 

-55  32 

7.8 

G5 

4.371 

-  4 

.0012 

+ 

04  +.003 

14 

-.027 

14 

.027 

0.8 

138 

-.025 

-.010 

-.015 

.38 

II 

26 

I  Car 

42.5 

-62    3 

4.3 

GO 

35.523 

-  7 

.0013 

— 

24  -.017 

02 

+  .012 

03 

.021 

1.0 

132 

+  .007 

+.019 

+  .02() 

.55 

II 

27 

UX  Car 

10  25.4 

-57    6 

8.2 

V2 

3.682 

+   1 

.0010 

- 

48  -.039 

09 

-.010 

15 

.040 

o.s 

127 

-.011 

+  .039 

+.049 

.51 

II 

28 

VY  Car 

40.6 

-57    2 

7.3 

G5 

18.984 

+  2 

.0005 

+ 

44  +.036 

09 

-.031 

16 

.047 

0.5 

126 

-.032 

-.035 

-.044 

.32 

II 

29 

U  Car 

53.7 

-59  12 

7.4 

GO 

38.740 

±   0 

0003 

=t 

00  ±.000 

09 

+  .001 

07 

.001 

1.0 

124 

+.001 

±.000 

±.000 

.69 

II 

30 

-58°  3216 

11    5.4 

-58  18 

7.1 

l'8 

+   I 

- 

13  -.010 

05 

-.010 

07 

.014 

1.0 

112 

-.009 

+.011 

+  .013 

.71 

R 

31 

SU  Dra 

32.2 

+67  53 

9.2 

A2 

0.61)0 

+49 

.0012 

- 

10  -.006 

05 

-.131 

17 

.131 

0.5 

65 

-.122 

+.047 

+.052 

.41 

I 

32 

S  Mils 

12    7.4 

-69  36 

6.8 

F8p 

9.657 

-  7 

.0010 

- 

28  -.015 

08 

-.011 

OS 

.019 

1.0 

117 

-.014 

+.018 

+.020 

.80 

II 

33 

r  Cm 

15.9 

-6144 

7.2 

GO 

6.732 

+  1 

.0012 

- 

26  -.018' 

10 

±.000 

07 

.018 

1.0 

114 

+  .006 

+  .017 

+  .019 

.84 

II 

34 

R  Cm 

18.1 

-61    4 

7.3 

F5 

5.825 

+   1 

.0012 

+ 

04  +.003 

05 

-.017 

OS 

.017 

1.0 

114 

-.017 

+  .002 

+  .002 

.84 

II 

35 

R  Mus 

36.0 

-68  52 

7.0 

G5 

0.882 

—  7 

.0030 

+ 

03  +.002 

03 

-.008 

07 

.008 

1.0 

115 

-.009 

+  .001 

+  .001 

.82 

I 

36 

8  Cm 

48.4 

-57  53 

7.0 

(M 

4.690 

+  4 

.0016 

- 

53  -.042 

05 

-.013 

07 

.044 

1.0 

109 

+  .007 

+  .044 

+  .017 

.89 

II 

37 

\Y  Vir 

13  20.9 

-2  52 

9.6 

Pec 

.17.271 

+57 

.0001 

- 

54  -.081 

10 

+.019 

09 

.083 

1.0 

74 

+  .0.59 

+  .058 

+  .060 

.93 

R 

38 

XX  Cm 

33.8 

-57    6 

7.4 

G5 

+  3 

- 

25  -.020 

05 

-.010 

07 

.022 

1.0 

103 

+  .003 

+  .022 

+  .023 

.95 

R 

39 

RU  C  Yn 

55.1 

+32    7 

11. 1 

0.364 

+73 

.(K)05 

...    -.022 

06 

-.008 

06 

.023* 

0.5 

51 

-.002 

+  .023 

+  .030 

.31 

I 

40 

W  C  Vn 

14    2.2 

+38  18 

10.3 

0.552 

+70 

.0007 

...    -.039 

06 

-.015 

06 

.042* 

1.0 

48 

-.009 

+  .041 

+.055 

.56 

I 

41 

ST  Yir 

22.5 

-  0  27 

10.8 

0.411 

+53 

.0000 

.  .  .    +.008 

04 

-.016 

04 

.018* 

1.0 

60 

-.018 

+  .003 

+  .004 

.75 

I 

42 

Y  Ccn 

25.4 

-56  27 

7.1 

F5 

5.494 

+  3 

.0014 

- 

33  -.027 

05 

-.018 

07 

.032 

1.0 

98 

+  .006 

+  .032 

+.032 

.98 

II 

43 
44 

RS  lioo 
RY  lion 

29.3 
45.2 

+32  12 
+23  27 

10.3 
7.2 

F5 

0.377 
9.0: 

+66 
+62 

.0008 
.0009 

...     +.011 

05 
07 

-.008 
-.011 

05 
07 

.014* 
.052 

1.0 
1.0 

44 
44 

-.011 
-.027 

-.009 
-.044 

-.013 
-.064 

.49 
.18 

1 
R 

+ 

37  +.051 

45 

R  Tr  A 

15  10.8 

-66    8 

7.0 

F5 

3.389 

-  9 

.0018 

- 

12  -.007 

08 

-.025 

07 

.026 

1.0 

101 

-.009 

+.024 

+  .024 

-.96 

II 

46 

«H'  Cr  B 

35.3 

+29  56 

9.6 

F8 

0.726 

+50 

.0010 

- 

63  -.082 

21 

-.016 

19 

.084 

0.5 

31 

-.003 

+.084 

+  .161 

.14 

I 

47 

S  Tr  A 

52.2 

-63  30 

6.9 

G5 

6.323 

-   9 

.0014 

- 

08  -.005 

11 

-  .008 

OS 

.009 

1.0 

97 

±.000 

+.009 

+  .009 

.98 

11 

48 

U  Tr  A 

5S.4 

-62  38 

8.1 

F5 

2.568 

-  9 

.0013 

+ 

55  +.038 

OS 

±  .000 

17 

.038 

0.5 

96 

-.034 

-.017 

-.017 

..50 

II 

49 

S  Nor 

16  10.6 

-57  39 

7.1 

GOp 

9.752 

-  7 

.0009 

+ 

01  +.003 

04 

-.009 

06 

.009 

1.0 

90 

-.007 

+  .007 

+  .007 

1.00 

II 

50 

TZ  Ilcr 

31.1 

+38  1 1 

8.8 

F5 

+41 

- 

20  -.024 

16 

-.008 

21 

.025 

0.5 

20 

-.015 

+.021 

+  .061 

.06 

H 

51 

RY  Sco 

51.8 

-33  27 

7.1 

F5 

6.062 

+  4 

.0013 

- 

03  -.004 

10 

-.028 

11 

.028 

0.8 

66 

-.004 

+  .02S 

+  .031 

.66 

II 

52 

-26°  11880 

59.9 

-26  27 

6.S 

G5 

+  7 

± 

00  ±.000 

05 

+  .003 

05 

.003 

1.0 

58 

+  .001 

-.003 

-.004 

.72 

R 

53 

ST  Oph 

17  28.8 

-   1    1 

11.6 

0.450 

+  15 

.0004 

...     -.008 

04 

+  .005 

04 

.009* 

1.0 

32 

+  .009 

-.003 

-.(M)6 

.29 

I 

54 

X  Srp- 

41.3 

-27  48 

4.7 

FS 

7.012 

-   1 

.0035 

- 

05  -.007 

02 

-.017 

02 

.018 

1.0 

5S 

+  .006 

+  .018 

+  .021 

.72 

II 

55 

RY  Sco 

44.3 

-33  40 

8.2 

G5 

20.32 

-  4 

.(M)03 

+ 

13  +.016 

08 

+  .017 

09 

.023 

1.0 

64 

-.015 

-.018 

-.020 

.80 

II 

56 

YOph 

47.3 

-67 

6.3 

GOp 

17.121 

+  8 

.0009 

± 

00  ±.000 

08 

-.003 

08 

.003 

1.0 

37 

±.00t) 

+  .003 

+  .005 

.36 

II 

57 

W  Sgr 

58.6 

-29  35 

4.7 

F8p 

7.591 

—  5 

.0033 

+ 

07  +.009 

03 

-.007 

03 

.011 

1.0 

60 

-.009 

+  .007 

+  .008 

.74 

II 
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o 

o" 

,< 

Star 

2 
"5" 

o 

(S 

1 

03 

Period 

b 

'"'s 

M« 

Ms 

M 

5 

X 

T 

I) 

wt. 

G 

h     m 

o       / 

d 

a 

„ 

J 

„ 

„ 

„ 

„ 

, 

„ 

„ 

„ 

58 

APSgr 

18     7.0 

-23    9 

7.3 

F5 

10.8 

-  3 

.0008 

— . 

0OO7  -.010  ± 

.006 

-.011  ± 

.008 

.015 

1.0 

53 

+  .010 

+.011 

+.014 

.64 

59 

YSgr 

15.5 

-18  54 

5.8 

FSp 

5.773 

-  4 

.0024 

+ 

15  +.021 

08 

-.005 

06 

.022 

1.0 

49 

-.021 

+.007 

+.009 

.57 

60 

XX  Sgr 

19.0 

-16  51 

9.0 

G5 

6.43 

-  4 

.0005 

+ 

05  +.007 

34 

-.060 

34 

.060 

0.2 

47 

-.001 

+.061 

+.083 

.11 

61 

U  Sgr 

26  0 

-19  12 

6.9 

FS 

6.745 

-  6 

.0013 

— 

06  -.009 

04 

-.007 

04 

.011 

1.0 

50 

+  .010 

+.006 

+.008 

.58 

62 

RU  Scl 

36.7 

-  4  13 

8.9 

G5 

20.3 

-   1 

.0002 

— 

11  -.016 

27 

-.015 

27 

.022 

0.2 

35 

+  .020 

+  .011 

+  .019 

.07 

63 

YZ  Sgr 

43.7 

-16  50 

7.4 

G5p 

9.553 

-  8 

.(M)08 

+ 

19  +.027 

16 

-.005 

13 

.027 

0.5 

48 

-.020 

+  .011 

+  .015 

.28 

64 

BB  Sgr 

45.1 

-20  24 

7.5 

GO 

6.8 

-10 

.0010 

+ 

09  +.013 

06 

-.047 

05 

.049 

1.0 

52 

-.003 

+  .049 

+  .063 

.61 

65 

K  Fao 

46.6 

-67  21 

4.5 

F5p 

9.092 

-26 

.0032 

- 

04  -.002 

02 

+.017 

05 

.017 

1.0 

98 

-.001 

-.017 

-.017 

.98 

66 

SZ  Aql 

59.6 

+   1    9 

8.7 

K2 

17.136 

-  3 

.0003 

— 

15  -.022 

13 

-.010 

13 

.024 

0.8 

32 

+  .024 

±.000 

±.000 

.22 

67 

TT  Aql 

19    3.2 

+   1    9 

7.6 

G5 

13.753 

-  5 

.0006 

— 

02  -.003 

06 

-.015 

06 

.015 

1.0 

32 

+  .010 

+.012 

+.022 

.29 

68 

Rli  Lyr 

22.3 

+42  36 

7.2 

F5 

0..567 

+  12 

.0030 

— 

106  -.117 

04 

-.190 

06 

.223 

1.0 

21 

+.104 

-.198 

-.561 

.12 

69 

U  Aql 

24.0 

-  7  15 

6.6 

F8p 

7.024 

-13 

.0014 

+ 

03  +.004 

07 

-.003 

07 

.005 

1.0 

42 

-.003 

+  .005 

+.007 

.45 

70 

XZCyg 

30.4 

+56  10 

9.7 

0.467 

+  16 

.0010 

+ 

127  +.106    . 

-.042-  . 

.114t 

0.8 

31 

+  .107 

+  .037 

+  .070 

.26 

71 

VVul 

32.3 

+20    7 

7.0 

G5 

7.990 

-  2 

.0011 

— 

04  -.006 

07 

-.030 

07 

.031 

1.0 

23 

+  .029 

+.010 

+.025 

.16 

72 

SU  Cyg 

40.8 

+29    1 

6.6 

F5 

3.846 

+  2 

.0021 

- 

15  -.020 

07 

-.010 

07 

.024 

1.0 

22 

+  .013 

-.018 

-.048 

.18 

73 

r,  Aql 

47.4 

+  0  45 

4.0 

GOp 

7.176 

-14 

.0040 

+ 

05  +.008 

02 

-.011 

02 

.013 

1.0 

39 

+  .001 

+.014 

+  .022 

.39 

74 

S  Sgc 

51.5 

+  16  22 

5.8 

GOp 

8.382 

—  7 

.0018 

+ 

02  +.003 

03 

-.005 

03 

.006 

1.0 

29 

+  .002 

+  .006 

+.012 

.24 

75 

RSge 

20    9.5 

+  16  25 

9.4 

Cont 

70.56 

-11 

.0001 

— 

07  -.010 

05 

-.020 

05 

.021 

1.0 

32 

+  .022 

+  .001 

+  .002 

.29 

76 

SZ  Cyg 

29.6 

+46  16 

9.2 

KO 

15.113 

+  3 

.0002 

+ 

78  +.081 

17 

-.014 

22 

.082 

0.5 

33 

+  .035 

+.082 

+  .149 

.15 

77 

VVul 

32.3 

+26  15 

9.0 

37.79  : 

-  8 

.0002 

— 

22  -.0.30 

09 

-.001 

OS 

.030 

1.0 

34 

+  .009 

-.029 

-.052 

.31 

78 

XCyg 

39.5 

+35  14 

6.5 

GOp 

16.385 

-  5 

.0008 

- 

11  -.013 

07 

-.012 

05 

.018 

1.0 

33 

+  .013 

-.012 

-.022 

.30 

79 

T  Vul 

47.2 

+27  52 

5.8 

FSp 

4.436 

-11 

.0028 

± 

00  ±.0(J0 

05 

±.000 

04 

.000 

1.0 

37 

±.000 

±.000 

±.000 

.36 

80 
81 

SW  Aqr 
ti  Cep 

21  10.2 
27.4 

-0  20 

+70    7 

10.4 
3.3 

Bl 

0.4.59 
0.190 

-33 
+  14 

.0007 
.0180 

.  .  .     -.053 

04 
01 

-.039 
+  .003 

04 
01 

.066* 
.019 

1.0 
1.0 

54 
49 

+.0(i4 
+.005 

-.016 
+.018 

-.020 
+  .024 

.67 
.57 

+ 

37  +.019 

82 

SX  Aqr 

31.1 

+  2  47 

11.8 

0.536 

-35 

.0004 

.  .  .    +.005 

04 

-.027 

04 

.027* 

1.0 

57 

+.019 

+.020 

+  .023 

.71 

y 

83 

S  Cep 

22  25.4 

+57  54 

4.1 

GO 

5.366 

+  1 

.0054 

+ 

14  +.011 

01 

+.002 

01 

.011 

1.0 

53 

-.002 

+  .011 

+  .014 

.64 

II 

84 

RZCep 

35.7 

+64  20 

9.4 

A2 

0.309 

+  6 

.0012 

.  .  .    +.082 

14 

+.179 

14 

.197* 

0.5 

54 

-.172 

+.092 

+.114 

.32 

I 

Rejections 

3,  12,  18,  20  and  75.     Periods  over  40  days. 

22,  24,  30,  38  aiul  T.O.  Period  and  type  of  variation 
uid<;novvn. 

37.  Bright  lines  in  spectrum,  large  radial  velocity 
and  high  galactic  latitude. 

44.  Period  uncertain,  high  galactic  latitude. 
Cepheid? 

52.  Period  unknown.  Miss  Cannon  saj's  this  is  a 
Cepheifl. 

77.     Period  uncertain.     Cepheidi 

The  Proper-Motions 

An  examination  of  Column  15  of  the  table  shows 
l)ut  one  star,  RR  Lyra,  with  a  proper-motion  exceeding 
20",  but  two  exceeding  15",  and  but  four  exceeding 
10"  per  century.  The  periods  of  these  four  stars  are 
0.()fi,  0.57,  0.47  and  0.31  days.  It  is  generally  con- 
coded  that  there  are  two  classes  of  Cepheids,  one  with 
periods  less  than  a  day  which  we  call  the  cluster-type 
and  the  other  with  perioils  in  general  greater  than  two 
ilays,  the  former  being  much  the  more  numerous  in 
till'  clusters  and  the  latter  outside.  The  fact  that  all 
the  large  proper-motions  in  Table  I  belong  to  stars  of 
the  cluster-type  would  immediatel}'  suggest  a  dissimi- 
larity in  the  motions  of  the  two  classes  of  stars.     When 


wc  divide  the  data  into  the  two  groups,  rejecting  all 
questionable  cases  and  stars  with  periods  over  40  days, 
the  Cepheid  character  of  all  of  these  being  questioned, 
we  get  the  following  mean  values: 


Group  No.    Mag.       Per. 


19 
51 


9.77 
6.77 


0.52   35°    ".0565    +".0079    +".01G9 
10.53      7       .0218    -    .0009    +    .0132 


Several  points  of  dissimilarity  appear.  Eleven  of  the 
19  cluster-type  stars  have  galactic  latitudes  greater 
than  30°;  all  of  the  51  stars  of  Group  II  have  galactic 
latitudes  less  than  30°,  the  average  without  regard  to 
sign  being  7°.  Low  galactic  latitude  seems  to  be  a 
peculiarity  of  the  longer  period  Cepheids.  The  average 
proper-motion  of  the  stars  of  Group  I  is  over  2.5  times 
that  of  Group  II,  the  largest  reliable  proper-motion  — 
weight  1.0  or  0.8  —  of  a  star  of  that  group  being  less 
than  5"  per  centuiy.  The  large  mean  t  of  Group  I 
suggests  large  peculiar  motion  and,  similarly,  the 
small  T  of  Group  II  in  comparison  with  the  relatively 
large  parallactic  motion,  q,  is  suggestive  of  small 
peculiar  motion.  It  appears,  therefore,  that  we  have 
to  deal  with  two  dissimilar  groups  of  stars,  one  scat- 

*Proper-motion  by  Kapteyn  ami  van  Rhijn^. 
tPropex-motion  by  Tucker^ 
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tcred  more  or  less  at  random  over  the  skj'  and  having  a 
wide  range  both  in  magnitude  and  peeuliar  motion, 
the  other  lying  close  to  the  (5al:ixy  witii  a  more  mod- 
erate range  in  niaiiriitiide  and  exccptionailN'  small 
peeuliar  motion. 

It  is  proposed  to  determine  the  mean  parallaxes  of 
these  two  groups  of  stars  from  a  proper  combination 
of  the  parallaxes  derived  from  their  parallactic  and 
peculiar  motions.  The  paraliactit;  motion  may  be 
derived  from  the  proper-motions  in  two  ways;  from  a 
solution  for  the  coiirdinates  of  the  solar  motion,  or 
from  the  I'-eomponent  of  the  iiroper-motion  dircclly 
by  the  formula'" 

</  =  2  u  sin  \/Z  sin=  X, 

where  X  is  the  distance  from  the  star  to  the  apex  of 
solar  motion.  If  sufficient  homogeneous  data  is 
available,  the  two  methods  should  give  the  same 
results,  granting  of  course  that  the  group  of  stars  have 
no  large  systematic  drift.  When,  however,  but  a  few 
proper-motions  are  available  and  these  decidcMlly 
unhomogeneous,  as  in  the  case  of  the  stars  of  Group  I, 
the  second  method  should  give  definitely  more  reliable 
results  inasmuch  as  it  is  free  from  uncc'rtain1>-  in  the 
direction  of  the  solar  motion.  The  position  of  the 
apex  referred  to  the  stars  of  Grouj)  1  is  uncertain  to  the; 
extent  of  90°  at  least,  depending  uiion  tiie  treatment 
of  the  material,  so  the  mean  parallactic  motion  derived 
from  these  .solutions  is  of  little  value.  In  the  case  of 
the  stars  of  Group  II,  as  will  be  shown  later,  the  mean 
parallactic  motions  derived  by  the  two  methods  are 
essentially  the  same.  As,  however,  further  sub- 
division of  the  data  makes  solutions  for  the  coordinates 
of  the  solar  motion  impracticable,  we  propose  to  use 
for  both  groups  the  parallactic  motion  derived  by  the 
second  method. 

TABLE    II 
Dependence  on  Prob.\ble  Error 


pe.  INo.        M  T  wt.  q  \vt. 

<".005  14  ".OIG  ".00G3  14.0  -f".Oi:35  9.28 

".005  -    .010  22  .020  .0108  22.0  +   .0148  13.22 

.010  -    .015  5  .037  .0134  4.0  -j-   .0134  2.02 

>    .015  10  .045  .0310  4.1  -|-   .0042  2.01 

<  .015    41      .0195    .0090    40.0    +    .0142    24.52 

<  .010    30      .0184    .0090    30.0    +    .0143    22.50 

In  an  earlier  paper  attention  was  ealleil  to  a  decrease 
in  average  proper-motion  with  increasing  accuracy  in 
the  determinations.     While  such  an  effect  might  not 


be  noticeable  to  any  great  extent  in  the  determination 
of  the  mean  i)arallactic  motion,  it  should  show  up 
definitely  in  the  average  r  taken  without  reaaiil  to 
sign,  jiroviding  only  tiial  we  are  dealinji  with  fairly 
homogeneous  data.  In  Tai)le  II  is  shown  the  de- 
liendence  of  the  data  foi'  the  stars  of  Group  II  u|)on 
the  probable  error  of  the  proper-motion. 
The  increase  of  both  fj.  and  t  with  the  probable  error  is 
definite.  There  is  no  evidence  of  such  dependence  in 
the  case  of  q  Iiut  the  wide  range  and  the  presence  of 
several  negative  values  in  the  group  with  probable 
errors  greater  than  ".015  indicate  a  considerable  degree 
of  uncertainty.  It  is  evident  that,  if  w-e  use  proper- 
motions  with  large  probable  errors,  we  introduce  into 
our  average  peeuliar  motions,  even  when  the  individual 
values  are  weighted,  (irrors  which  give  fal.sely  large 
mean  values  and  also  decrea.se  considerably  the  accur- 
acy of  the  determinations  of  the  mean  ])arallactic 
motion.  The  investigations  of  Sh.\plev  and  of  Kap- 
Ti;vN  and  van  Rhijn  were  based  upon  proper-motions 
A\ith  proi)able  errors  l(!ss  than  ".010.  The  means  for 
the  3()  stars  with  this  degree  of  accuracy  are  given  in 
the  last  line  of  the  table.  In  view  of  the  essential 
agreement  of  the  values  of  (/  and  tiie  slow  incr(>ase  of 
the  T  up  to  that  point,  however,  it  was  ilecided  to 
base  the  further  investigations  of  this  paper  upon  tlie 
proper-motions  with  probalile  errors  less  than  ".015, 
giving  the  final  results  also  for  the  stars  with  probable 
errors  less  than  ".010.  Excluding,  then,  the  proper- 
motions  with  probable  errors  greater  than  ".015  there 
remain  14  stars  in  Group  I  and  41  stars  in  Gioup  II. 


TABLE    III 

Dependence  on  Magnitude 

Group  I 


MilK. 


\vt. 


<]0.0       11     ".083       ".0532      8.1     4-".0209       5.03 
>10.0         8       .029         .0180      7.5     -f    .0120      4.78 

Group  II 

<    5.0  8  .018  .001)0  8.0  +  .0148  5.41 

5.0  -  7.0  Hi  .018  .0108  16.0  +  .0139  8.85 

>    7.0  17  .022  .0102  IG.O  +  .0137  10.20 

.Ml  11  .0195  .0090  40.0  +  .0N2  24.52 

It  has  already  been  ])ointed  out  thai  the  st;irs  of 
Group  [  have  a  wide  range  in  magnitiule,  while  those 
of  Grouj)   II   do   not.     To  determine  the   need  of  cor- 
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rectins  the  proper-motions  for  the  effect  of  magnitude 
an  investigation  was  made,  and  the  results  are  given 
in  Table  IIL 

For  the  stars  of  Group  I  there  is  a  very  evident  need 
of  the  correction  for  magnitude  and  in  the  determina- 
tion of  the  final  means  the  proper-motions  have  been 
reduced  to  magnitude  10.0,  the  ajDproximate  mean 
magnitude  of  the  group.  For  the  stars  of  Group  II 
there  is  no  evidence  of  the  magnitude  effect.  The 
slight  decrease  in  the  values  of  q  in  apparent  only,  as 
the  sh'ft  of  a  single  star  in  the  grouping  would  make 
all  three  means  essentially  equal.     Therefore,  no  mag- 


nitude   correction    has    been    applied    to    the    proper- 
motions  of  Group  II. 

Inasmuch  as  in  Group  II  we  are  dealing  with  homo- 
geneous proper-motions  of  stars  covering  a  small  range 
of  magnitude  we  should  expect,  if  the  period-luminosity 
relation  is  real,  a  decrease  in  the  mean  parallactic 
motion  with,  period.  In  taking  the  final  means  a  sub- 
division into  period-groups  was  made  so  as  to  give 
three  groups,  at  least,  with  approximately  equal 
weight.  The  results  for  the  different  sub-groups  and 
the  final  means  for  the  two  main  groups  are  given  in 
Table  IV. 


TABLE    IV 
Mean  Parallactic  and  Pecvliar  ^Motions 


Group 

No. 

Period 

Mag. 

f 

7 

po. 

9 

pe. 

days 

days 

0-  1 

14 

0.49 

9..33 

.0565 

.0250 

±.0047 

+  .0149 

±.0065 

0-  1 

13* 

O.o.-) 

10.61 

.0274 

.0049 

+  .0150 

.0070 

2-6 

1.-7 

4.29 

6.34 

.0249 

.0111 

.0017 

+  .0201 

.0037 

0-9 

13 

7.11 

6.41 

.0173 

.0072 

.0015 

+  .0181 

.0044 

9-20 

9 

12.65 

6.53 

.0142 

.0089 

.0016 

+  .0046 

.0040 

20-40 

4 

30.40 

6.52 

.0188 

.0135 

.0044 

-.0008 

.0084 

2-40 

41 

9.57 

6.42 

.0195 

.0096 

.0009 

+  .0142 

.0022 

2-40 

36t 

9.90 

6.21 

.0184 

.0090 

.0009 

+  .0143 

.0021 

2-20 

37 

0.31 

6.41 

.0196 

.0092 

.0008 

+  .0158 

.0015 

2-20 

32t 

6.80 

5.81 

.0183 

.0084 

.0008 

+  .0158 

.0015 

*Exduding  fi  Cephei. 
fProbable  error  of  ti  <".010. 

The  decrease  in  the  parallactic  motion  with  period 
for  the  stars  of  Group  II  is  convincing.  The  decrease 
in  the  peculiar  motion  is  not  so  evident  but  very  little 
reliance  can  be  placed  in  the  mean  derived  from  the 
four  stars  with  periods  from  20  to  40  days.  They 
seem  to  have  peculiar  motions  larger  than  should  be 
expected  for  this  class  of  star.  The  rejected  proper- 
motions  for  stars  of  this  sub-group  show  the  same 
(endency.  In  order  to  do  no  violence  to  the  data  we 
have  computed  the  final  means  both  including  and 
excluding  these  four  stars.  These  means  are  given 
in  the  last  four  lines  of  the  table.  It  is  readily  seen 
that  there  is  very  little  difference  in  these  determina- 
tions. The  probable  errors  are  reduced  when  we 
reject  the  periods  greater  than  20  days,  but  we  lose 
thereby  a  certain  amount  of  data  which  is  valuable 
for  extending  later  comparison  with  the  period- 
luminosity  curve.  The  use  of  the  proper-motions  with 
l)robal)le  errors  less  than  ".010  slightly  reduces  the 
mean  peculiar  motion  but  has  no  effect  upon  the  par- 


allactic motion  and,  by  cutting  down  the  data  lessens 
the  reliability  of  the  means.  It  is  proposed,  however, 
to  carry  thru  determinations  of  mean  parallax  for  all 
the  groupings  in  Table  IV. 

It  has  been  suggested  that  the  application  of  a 
systematic  correction  to  the  Boss  system  of  proper- 
motions  in  declination  of  the  order  indicated  by 
Kapteyn,  +".013  cos  5,  would  materially  decrca.se 
the  mean  parallax  derived  from  the  proper-motions. 
In  the  case  of  the  parallax  derived  from  the  parallatic 
motion,  as  will  be  shown  later,  this  is  quite  true.  It 
should  be  borne  in  mind,  however,  that  Sh.^pley's 
original  system  of  parallaxes  was  based  upon  Boss' 
proper-motions.  To  arbitrarily  reduce  the  proper- 
motions  of  this  paper  by  a  systematic  correction  which 
cannot  be  considered  by  any  means  as  established 
and  compare  A\ith  proper-motions  derived  on  the 
uncorrected  system  would  manifestly  be  false  pro- 
cedure. If,  on  the  other  hand,  a  revision  of  the  sj'stem 
of  parallaxes  is  contemplated,   Kapteyn's  suggestion 
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must  be  given  serious  consideration.  Consetniently, 
it  is  of  interest,  at  this  point,  to  see  just  how  much  a 
correction  of  this  nature  will  affect  the  mean  n-otions. 
It  will  have  only  a  slight  effect  upon  the  motions  of 
Group  I.  primarily  because  but  five  of  the  fourteen 
proper-motions  used  for  this  group  are  on  the  Boss 
system,  the  rest  being  determinations  by  K.^ptkvn 
and  VAN  Rhun,  and  Tucker,  and,  secondarily,  becarse 
the  total  motions  are  large.  It  will,  however,  enter 
with  its  full  effect  on  the  stars  of  Group  II,  for  all  the 
proper-motions  are  referred  to  the  Boss  system  and 
are  exceptionally  small.  This  correction  w^as  sug- 
gested by  Kaptevn  to  account  for  the  difference 
between  the  declination  of  the  apex  of  solar  motion 
derived  from  proper-motion  and  radial  velocity  data. 
The  results  of  solutions  for  the  coordinates  of  the 
solar  motion  referred  to  the  41  stars  of  Group  II  based 
-upon  the  uncorrected  and  corrected  proper-motions 
are  given  in  Table  V. 

TABLE    V 

C"()(")HI)IXATES    OF    SOLAH    ^loTION 
A  D  M 

2f).5.9     +'}'■).(')     .0137     uncorr.  pms. 

200.1      +   4.0     .0070     pms.  corr.  by  -|-".013  cos  5 

278.        -1-30        .0104     pms.  corr.  by  +    .000.">  cos  6 

273.9      -|-ry2.7     .0142     84  stars,  uncorr.  pms. 

From  this  tabulation  it  would  appear  that  the 
application  of  a  correction  of  the  size  suggested  by 
Kapteyn  to  small  proper-motions  greatly  over-cor- 
rects, but  that  a  correction  half  the  size  may  ultimately 
be  found  necessary.  The  last  line  of  Table  V  gives  the 
coordinates  of  the  solar  motion  derived  from  the  84 
stars  of  Table  I,  rejecting  none  and  making  no  reduc- 
tions for  magnitude.  It  is  worthy  of  note  that  the 
parallactic  motion  derived  from  this  solution  happens 
to  agree  exactly  with  that  derived  from  the  41  stars  of 
Group  II.  (See  Table  IV).  For  these  same  stars 
(the  41  stars  of  Group  II)  a  correction  of  ".0065  cos  5 
to  the  proper-motions  gives  mean  peculiar  and  par- 
allactic motions  of  ".0094  and  -|-".0104,  against 
".0096  and  ".0142  in  Table  IV.  It  is  evident,  there- 
fore, that  should  tlie  need  of  such  a  correction  be 
established,  our  mean  parallactic  motion  for  this 
group  of  stars  w'ould  be  subject  to  a  reduction  of 
about  30%.  Inasmuch  as  no  reduction  in  the  mean 
peculiar  motion  is  apparently  produced  by  the  correc- 
tion, the  total  reduction  in  the  computed  mean  par- 
allax of  the  group  would  naturally  depend  upon  the 


relative  weights  assigned  to  the  two  determinations. 
For  a  comparison  with  the  existing  system  of  par- 
allaxes, as  has  been  shown,  no  such  correction  is 
necessary  or  permissible.  ■  ' 

Tin;  Radial  Velocities 

The  radial  velocities  of  Cepheids  availal)le  to  the 
writer  are  listed  in  Table  VI.  There  is  a  considerable 
range  in  the  relative  accuracy  of  the  determinations  of 
the  radial  velocities  but  no  system  of  weighting  will 
materially  alter  the  conclusions  reached,  so  no  weights 
hav(>  been  used.     As  there  are  only  six  radial  velocities 

TABLE    VI 

Radial  Velocities 

(Irmip  I 


1 

SU  Dm 

11 

32.2 

-202 

-193 

2 

SW  Dm 

12 

12.8 

-   S3 

-   74 

3 

RS  Boo 

14 

29.3 

-    66 

-    51 

4 

RR  Lijr 

19 

22.3 

-    (59 

-   50 

5 

XZ  Cyg 

19 

30.4 

-215 

-196 

6 

P  Cep 

21 

27.4 
Group  II 

-    14 

±     0 

7 

Til  Cas 

0 

20.9 

-23.: 

-19.3 

8 

a  U  Mi 

1 

22.0 

-17. 

-   6.4 

9 

SU  Cas 

2 

43.0 

-   7.0 

-   1.5 

10 

SZ  Tnv 

4 

31.4 

-   3.2 

-16.2 

11 

T  Man 

6 

19.8 

-M2.: 

-   5.1 

12 

RT  Aur 

6 

22.1 

-1-21.4 

-hl8.9 

13 

f  Gem 

6 

58.2 

+   6.8 

-   6.3 

14 

I  Car 

9 

42.5 

+   4.0 

-10.4 

15 

S  Mu.s 

12 

7.4 

+   3. 

-   6.7 

16 

R  Tr  A 

15 

10.8 

-20.: 

-24.3 

17 

S  Tr  A 

15 

52.2 

+  2.: 

-   0.6 

18 

S  Nor 

10 

10.6 

-   8. 

-   8.1 

19 

RV  Sco 

10 

51.8 

-28.: 

-19.1 

20 

X  Syr 

17 

11.3 

-13.5 

-   2.1 

21 

Y  Oph 

17 

47.3 

-    5.0 

-f-12.2 

22 

W  Sgr 

17 

.58.6 

-28.6 

-17.7 

23 

Y  Sgr 

18 

15.5 

+4.0 

-1-18.1 

24 

K  Pew 

18 

46.6 

-I-.36.0 

-H33.2 

25 

SU  Cyg 

19 

40.8 

-35.8 

-15.9 

26 

V  Aql 

19 

47.4 

-14.2 

-f  2.5 

27 

S  Sge 

19 

51.5 

-   8.0 

-1-10.2 

28 

X  Cyg 

20 

39.5 

+   9.3 

+  27.3 

29 

T  Vul 

20 

47.2 

-    1.3 

+  16.0 

30 

8  Cep 

22 

25.4 

-1().8 

-   3.9 
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for  stars  of  the  olustor  type,  it  is  obviously  useless  to 
attempt  to  determine  the  coordinates  of  the  solar 
motion  with  respect  to  these  stars.  The  best  we  can 
do  at  present  is  to  assume  a  value  of  the  solar  motion 
based  on  the  observations  of  a  large  number  of  stars 
and  try  to  take  account  of  the  uncertainty  in  the  de- 
terminations of  the  mean  parallax  of  the  group. 
Assuming  as  the  solar  speed,  21.5  km.  per  second, 
which  in  the  light  of  the  more  recent  investigations  is 
probably  not  in  error  by  more  than  1.0  km.  for  the 
stars  in  general,  we  derive  the  peculiar  stellar  velocity, 
V.  The  mean  V  for  the  six  stars  of  Group  1  is  94 
±33  km.  If  we  exclude  /3  Cephei,  F  =  113  ±  35  km. 
The  24  radial  velocities  of  stars  of  Group  II  are 
sufficient  to  give  an  approximate  determination  of  the 
coordinates  of  the  solar  motion.  The  results  of  the 
solution  for  these  coordinates  are 


A  =  284°.3,     D  =  +12° 


1',,=  21.4  km. 


If  we  coml)ine  the  proper-motion  and  radial  velocity 
results,  we  get  as  the  general  direction  in  which  the 
Sun  appears  to  be  moving  with  respect  to  th<^  Cephcid.s 
with  periods  greater  than  two  flays 


.4  =  275°.  1 


D 


+  34°.  2 


The  agreement  of  the  value  of  I'o  derived  from  this 
solution  with  that  derived  from  the  stars  in  general 
lends  justification  to  our  proposal  to  use  this  valu(>  of 
the  solar  speed,  Vo  =  21.5  km.  per  secoiul*.  in  con- 
junction with  the  parallactic  motion,  for  one  deter- 
mination of  the  mean  parallax  of  this  group  of  stars. 
Correcting  the  individual  values  of  the  radial  velocities 
for  this  solar  motion,  we  derive  the  mean  peculiar 
motion  of  the  stars  of  Group  II,   T^  =  12.2   ±   1.8  km. 

The  Me.\n  Parall.vx 

If  the  proper-motions  and  radial  velocities  of  a 
group  of  stars  are  known,  the  mean  parallax  of  the 
group  may  be  ol)tained  both  froTn  the  mean  jiarallactic 

'Derived  by  Strombeug''  from  the  latlial  velocities  of  1-100  stars 
of  Classe.s  F  to  M.  It  is  probable  that  this  value  is  too  large. 
Recent  investigations  of  the  motions  of  the  high-velocity  stars 
reveal  systematic  motion  in  the  dir^;ction  opposite  to  the  Snn's 
motion  which  produces  a  falsely  large  value  of  the  solar  speed 
when  these  stars  are  included  in  the  solutions.  From  1026  stars 
with  space  velocities  less  than  60  km.  per  sec.  Stkombkug^  gets 
20.6  km.  per  sec.  From  44.5  stars  with  trigonometric  parallaxes 
greater  than  ".005  and  space  velocities  less  than  SO  km.  per  sec. 
Boss,  Raymond  and  the  writer*  get  20.7  km.  per  sec.  The  u.se  of 
these  values  for  the  solar  speed  would  necessitate  an  increase  in 
the  computed  parallaxes  of  about  4%. 


motion  and  from  the  average  peculiar  motion.  The 
formula;  are: 

TTi  =  4.737  2  )'  sin  X/I^n  S  sin-  X,     tt-  =  4.737  t/  V 

If  we  assume  that  the  value  of  the  solar  speed  is  21.5 
km.  per  sec,  and  let  q  represent  the  mean  parallactic 
motion,  the  first  equation  becomes  simply  wi  =  0.220  q. 
The  values  of  q  and  T,  with  their  probable  errors  are 
given  in  the  last  four  columns  of  Table  IV.  The 
values  of  tti  and  ^2  for  the  same  groups  are  given  in 
the  second  and  fourth  columns  of  Table  VII.  If  we  were 
dealing  with  a  large  amount  of  data  or  with  a  more 
limited  amount  of  homogeneous  data,  these  two  values 
should  agree  closely.  When  groups  containing  small 
numbers  of  stars  are  under  consideration  and  their 
motions  not  well  determined,  we  must  expect  large 
discordances  and  the  problem  becomes  one  of  the 
proper  combination  to  secure  the  most  reliable  results. 
The  ])robable  errors  of  ti  and  xo  are  given  in  the 
third  and  fifth  columns  of  the  table.  They  have 
been  derived  in  two  ways;  first  through  multiplying 
the  probable  errors  of  the  mean  parallactic  and  peculiar 
motions  by  the  factor  used  to  obtain  the  parallax  and, 
second,  by  means  of  the  formula;  given  by  Russell^, 


=   ±.845  TTi  V/V,.  y/n  sin-  X, 


:.721    TTo/V/f 


The  two  determinations  of  r«  are  essentially  equal  in 
every  case.  Where  but  a  few  stars  are  under  consid- 
eration the  two  determinations  of  ri  differ  considerably, 
since  the  first  determination  is  independent  of  and  the 
second  directly  proportional  to  the  parallax.  In  the 
absence  of  any  criterion  for  estimating  the  relative 
value  of  the  two,  the  mean  has  been  used  as  the  prob- 
able error  of  the  parallax.  The  weights  quoted  in 
column  G  and  used  in  the  combination  of  the  two  sets 
of  parallaxes  are  inversely  proportional  to  the  squares 
of  these  probable  errors,  but  the  coefficient  is  not  1.0. 
In  Table  III  it  was  shown  that,  whereas  the  mean  par- 
allactic motion  is  apparently  unaffected  by  the  inclu- 
sion of  weak  proper-motion  data,  there  is  a  direct 
dependence  of  t  upon  the  probable  errors  of  the  data, 
the  mean  value  of  t  for  the  data  with  probable  errors 
from  ".010  to  ".015  being  about  twice  that  for  the 
data  with  probable  errors  less  than  ".005.  In  order  to 
do  justice  to  the  data  we  must  take  account  of  this 
effect  in  some  way.  We  have  done  this  to  a  certain 
extent  by  giving  the  parallaxes  determined  from  the 
parallactic  motion,  which  appears  to  be  independent 
of  the  proliable  error  effect,  double  weight  in  com- 
parison with  those  derived  from  the  peculiar  motions. 
The  formula'  for  computing  the  weights  thus  become: 

IH/lh  =  0.5  f\/r\ 
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+  .00328  ±.002(18 
343  334 


145 


TABLE   VII 
]\Ii;.\N  ]'arali,.\x 
(I'roiip  I 
r>  wt. 


f. 00 126  ±.00024 

5.9 

.00155  ±.00059 

.00239 

115      22 

14.0 

130     130 

118 

142      ()2 

1 59 

0.88* 

1.0 

228  

159 

1.43t 

147  

1.0 

14(1  

159 

0.921: 

Croup  II 


2-  6 

+  .00442 

.00080 

+  .00431 

.00072 

0.62 

.00038 

.00077 

.00315 

1.39 

(5-  9 

+   398 

86 

279 

57 

1.14 

335 

71 

1,S3 

1.83 

9-20 

+   101 

56 

345 

72 

0.30 

158 

60 

134 

1.18 

20-40 

-   018 

96 

524 

180 

0.14 

048 

106 

065 

0.74 

2-40 

+  .00312 

.()()()41 

+.00372 

.00038 

0.58 

.00334 

.00040 

.00212 

1.58 

2-40 

315 

40 

349 

38 

0.55 

327 

39 

225 

1.45 

2-20 

348 

36 

357 

37 

0.47 

351 

36 

228 

1.54 

2-20 

348 

38 

326 

3(1 

0.5(1 

340 

37 

245 

1.42 

*Oomput('(l  weiKlits  tt^  relative  to  Ti  used. 

tEqual  wfiights,  tti  and  w^. 

{Solar  motion  of  50  km.  per  second  a.s.sumcd. 

None  of  the  determinations  of  jirobalilc  error  lake  iiilo 
account  the  uncertainties  in  (ho  deterniiiiations  of  the 
mean  peculiar  motions.  In  the  ca.se  of  the  stars  of 
Group  II,  perhaps,  there  is  little  reason  for  concern, 
as  the  probable  error  of  the  mean  peculiar  motion  is 
not  a  great  deal  larger  than  the  possible  error  in  the 
determination  of  the  solar  velocity.  In  the  case  of 
the  stars  of  Group  I,  however,  it  has  been  shown  that 
the  uncertainty  in  the  mean  peculiar  motion  amounts 
to  one-third  the  total  motion.  The  minimum  account 
which  might  be  taken  of  this  uncertainty  would  be  to 
divide  the  weight  given  by  the  formula  by  nine.  This 
has  been  done  for  the  stars  of  Group  I.  These  must 
be  considered  as  the  maximum  weights  which  ttj  may 
have  relative  to  in. 

Tlie  great  difference  between  tti  and  ^2  for  Grou])  I 
is  due  to  the  fact  that,  regardless  of  the  question  of 
probable  error,  we  have  not  even  a  very  approximate 
idea  of  either  the  solar  speed  with  respect  to  these 
stars  nor  of  their  peculiar  motions.  In  the  absence 
of  this  knowledge  we  have  assumed,  with  Kaptkyn 
and  v.vN  Rhijn,  that  the  solar  motion  from  these 
stars  is  the  same  as  that  derived  from  the  stars  in 
general.  It  is  well  known  that  the  solar  speed  derived 
from  the  more  swiftlj'  moving  stars  is  in  general  appre- 


ciably greater  than  tliat  derived  from  the  more  slowly 
moving  ones,  whence  it  becomes  almost  certain  that, 
due  to  our  assumption,  the  value  of  tti  is  too  large. 
A  solution  from  the  six  radial  velocities  available 
indicates  a  solar  speed  greater  than  90  km.  per  sec. 
It  is  only  necessary  to  assume  a  solar  speed  of  50  km., 
roughly,  and  compute  the  resulting  peculiar  motions 
to  reduce  tti  and  wz  to  equality.  (See  line  5,  Table  VII) 
It  is  interesting  to  note  the  close  agreement  of  the  mean 
parallax  computed  on  this  assumption  with  that  de- 
rived by  the  use  of  the  assigned  weights.  A  reasonable 
increase  in  the  solar  motion  with  reference  to  these 
stars,  then,  would  reduce  xi  and  increase  tt;  but  would 
not  materially  alter  the  computed  mean  parallax. 

On  th(!  other  hand,  it  is  quite  prol)able  that  the 
few  radial  velocities  now  available  for  stars  of  lliis 
group  are  not  representative.  Of  the  six  now  known, 
one  is  0  km.,  three  are  lietween  50  and  75  km.  and  two, 
approximately  200  km.  While  liicrc  can  be  little 
question  that  tiiese  stars  have  large  ijcculiar  velocities, 
it  seems,  especially  in  view  of  the  conijjarative  scarcity 
of  velocities  in  excess  of  100  km.  for  any  class  of  stars, 
tli;il  the  mean  radial  velocity  of  these  stars  is  nuiiii 
more  liaiile  to  be  less  tlian  75  km.  than  it  is  to  be 
greater.     A  reduction  in  tlu^  mean  radial  \'elocit,}'  would 
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produce  a  reduction  both  in  the  mean  peculiar  motion 
of  the  stars  and  in  the  solar  motion  derived  from  them, 
with  a  consequent  increase  in  the  resulting  parallaxes. 
This  would  not  signify  an  increase  in  the  tti  given  in 
the  table,  as  this  was  computed  from  the  assumed 
value  of  the  solar  motion,  not  that  derived  from  the 
stars.  No  decrease  to  be  reasonably  cxjjected  in  the 
mean  radial  velocity  would  give  a  value  of  -m  as  large 
as  that  quoted.  The  effect  of  a  decrease  in  the  mean 
radial  velocity,  therefore,  would  again  be  a  decrease 
in  TTi  and  an  increase  in  to  but  the  decrease  in  wi  would 
be  less  and  the  increase  in  tto  greater  than  that  indi- 
cated in  the  preceding  paragraph.  The  net  effect 
upon  the  computed  mean  parallax  would  be  a  definite 
increase.  The  amount  of  that  increase  is,  of  course, 
at  present  indeterminate  but  it  is  reasonable  to  sup- 
pose that  it  would  be  of  the  order  indicated  by  giving 
equal  weight  to  tti  and  ttj.  In  view  of  the  size  of  the 
motions  of  these  stars  it  seems  reasonable  to  assign 
this  as  the  minimum  weight  which  ttj  can  have  relative 
to  TTi.  This  combination  gives  the  results  quoted  in 
line  4,  Table  VII. 

Throughout  this  discussion,  as  the  reader  will  have 
noted,  means  for  Group  I  have  been  taken  with  and 
without  the  data  on  /3  Ccphei.  The  inclusion  or  ex- 
clusion of  this  star  produces  a  considerable  degree  of 
uncertainty,  as  does  the  inclusion  of  any  outstanding 
value  in  the  mean  of  a  small  number  of  more  accordant 
ones.  There  is  some  doubt  as  to  the  classification  of 
/3  Cephei  as  a  Cepheid.  Its  period  is  extremely  short 
but  this  is  possibly  to  be  expected  because  of  its 
s]K'ctrum,  Bl;  its  proper-motion  is  small  but  other 
small  i)roper-motions  are  included  in  Group  I;  its 
radial  velocity  is  small  whereas  the  others  in  this 
grouj)  are  large  and  its  parallax  derivcnl  from  the 
period-luminosity  curve  is  exceptionally  large  whereas 
the  observed  trigonometric  parallaxes  are  small  or 
negative.  We  have  no  reason  sufficient  for  its  rejec- 
tion but  i(s  inclusion  with  full  weight  in  the  final 
means  is  not  justifial)le.  In  the  final  means,  there- 
fore, we  have  used  (i  Ccphei  with  half  weight.  By 
means  of  the  weights  in  column  5,  then,  the  two 
determinations  of  the  parallax  have  been  coml^ned  to 
give  the  concluded  mean  parallaxes  in  column  6.  In 
column  8  are  given  the  mean  parallaxes  for  the  same 
groups  derived  from  the  period-luminosity  curve. 
In  column  9  are  given  the  factors  by  which  the  par- 
allaxes in  column  8  would  have  to  be  multiplied  to 
obtain  those  in  column  6. 

With  due  consideration  of  the  weakness  of  the  data 
with  which  we  have  been  dealing  certain  conclusions 
as  to  the  mean  parallax  of  the  Cepheids  are  justifiable. 
We   find    no   evidence   from   the    proper-motions   of   a 


probable  correction  to  Shapley's  parallaxes  of  cither 
the  short  or  long  period  Cepheids  in  excess  of  40%,  in 
direct  opposition  to  the  investigators  who  would  de- 
mand an  increase  of  seven  or  eight  fold.  The  par- 
allaxes derived  by  Kapteyn  and  van  Rhijn  are  un- 
questionably too  large,  due  in  part  to  their  assumption 
of  the  solar  speed.  There  is  evidence  of  the  possible 
need  of  a  40%  increase  in  Shapley's  parallaxes,  the 
evidence  being  direct  in  the  case  of  the  longer  periods 
and  indirect  in  that  of  the  shorter  periods.  The 
7naxi7num  correction  to  these  parallaxes  indicated  by 
the  material  under  discussion,  seems,  therefore,  to  be 
an  increase  of  40%.  The  direct  evidence  from  the 
stars  of  short  periods  indicates  that  Shapley's  par- 
allaxes are  essentially  correct.  It  has  been  shown 
that,  if  a  systematic  correction  of  ".0065  cos  5  be 
applied  to  the  proper-motions  in  declination  given  in 
this  paper,  the  computed  mean  parallaxes  of  the 
longer  period  Cepheids,  insofar  as  they  are  derived 
from  the  parallactic  motion,  would  be  reduced  approx- 
imately 30%.  Combination  with  the  parallax  derived 
from  the  peculiar  motion  would  give  a  net  reduction 
of  approximatelj'  20%,  indicating  but  a  slight  possible 
increase  in  Shapley's  parallaxes.  While  the  char- 
acter and  amount  of  such  a  correction  to  the  proper- 
motions  has  not  been  established,  the  fact  that  sys- 
tematic corrections  of  the  right  sign  arc  found  necessary 
to  reduce  nearly  all  the  modern  catalogs  of  position 
to  the  system  of  the  Preliminary  General  Catalog  ma.y 
tend  to  substantiate  its  use  in  the  revision  of  a  system 
of  parallaxes.  From  these  considerations  it  would 
appear  that  the  parallaxes  derived  from  the  period- 
luminosit}^  curve  cannot  reasonably  be  decreased,  nor 
on  the  other  hand  can  they  be  increased  more  than 
40%.  In  view  of  the  uncertainties  in  the  peculiar 
motions  of  the  short  period  stars  and  the  lack  of  de- 
termination in  the  suggested  systematic  corrections 
to  the  proper-motions,  it  seems  that  the  most  probable 
factorial  correction  to  Shapley's  parallaxes  must  be 
nearer  to  1.4  than  to  1.0.  Inasmuch  as  the  factors  in 
the  last  column  of  Table  VII  agree  within  the  limits 
of  their  probable  errors,  we  must  conclude  that  no 
plausible  evidence  is  found  of  an  error  in  the  slope  of 
the  period-luminosity  curve.  It  may  be  justifiable, 
then,  as  a  final  step,  to  combine  roughly  the  results 
for  Groups  I  and  II,  in  spite  of  the  marked  dissimilarity 
in  th(Mr  motions.     From  such  a  combination  we  get: 


".0143, 

To 

=  22.0  km. 

TTl     = 

'.00307 

".0136, 

V 

=  28.6  km. 

TT-i     = 

'.00226 

Combining  tti  and  7r.>  by  means  of  Russell's  formula 
p,/p,  =  1.44  1-7  To 
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\v(>  -ret   7r,„  =  ".00254.     8inco  ir,  =  ".0019S),  /  =  1.28. 

Finm  lliis  and  tlic  consiili-rations  outliiu'd  al)f>vo  we 
conclmle  tliat  tlu>  most  probable  correclion  to  Siiap- 
ley's  parallaxes  iiulieateil  hy  the  data  presented  in 
this  paper  is  an  increase  of  approximatehj  30%. 

The  most  pressing  need  for  fixing  tlie  exact  amount 
of  tlie  eorreetion  to  the  zero-point  of  the  period- 
luminosity  eurve  is  tlie  determination  of  the  radial 
velocities  of  more  of  the  short  period  Ccpheids.  Un- 
fortunately all  of  these  stars  are  faint  and  the  obser- 
vations can  only  he  made  with  large  instruments.  In 
view,  however,  of  the  increased  reliability  which  but  a 
small  luimber  of  additional  radial  velocities,  even  if 
they  arc  only  fair  approximations,  would  give  to  the 
determination  of  the  mean  parallax  of  these  stars,  it 
is  hoped  that  the  observatories  which  have  the  facilities 
for  this  work  may  attempt  to  secure  observations  of 
some  of  them. 
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Dudlei/  Observatory,  Albany,  N.  Y., 
March  21,  192.3. 


AX    KCLIPSlXCi    \A11IABLE   WITH 

Ih  KK.\NK 
On  the  extra-focal  plates  taken  with  the  30-inch 
Thaw  refractor  for  determining  the  light  curve  of  the 
Cephcid  variable  S  Comce,  a  =  12''  27""  48»,  5  =  -|-27° 
34'.9  (1900),  I  have  found  another  faint  varialile  in  the 
ap])roximate  position,  a  =  12'' 28"' 4',  S  =  -\-21°  16'. 1. 
Measurement  and  reduction  of  the  plates  has  shown 
that  this  is  an  eclipsing  variable  with  minima  at  int(>r- 
vals  of  2''  50'". 8,  or  0.1186  days.  These  minima,  as 
far  as  can  be  determined  by  the  limited  number  of  obser- 
vations alrcadj'  made,  are  of  nearly  the  same  depth,  a 
l)lot  of  tlu-  curve  using  double  the  period  given  above 
showing  a  dilTerence  of  less  than  one-tenth  of  a  magni- 
tude. This  difference  may  be  increased  or  it  may  dis- 
appear with  further  ob.scrvations.  The  exposures  have 
been  14  minutes  in  length  and  this  tends  to  tiecrease  the 
depth  of  the  minimum  as  well  as  to  make  the  observa- 
tions uncertain  in  this  part  of  the  curve  where  th(> 
brightness  is  changing  so  rapidly.  The  total  indicated 
variation  in  magnitude  is  about  0.73,  from  11 '■'.24  to 
11*'. 97.  There;  is  no  pause  either  at  maximum  or 
minimum.  It  was  at  first  thought  that  W  Ur.sm  Mu- 
joris  was  an  Algol  variable  with  a  period  of  about  4 
hours,  but  tlie  spectroscope  showed  that  it  must  be 
considered  a  fi  Lyrce  variable  of  8  hours  period  with 
two  equal  minima.  No  existing  spectroscope  can  cope 
with  this  new  variable,  so  we  can  only  7'eason  from 


AN   UNUSUALLY   SHORT   PERIOD, 

C.   .JORDAN. 


aiial()g\'  that  its  period  is  probably  5''  41'". 6,  and  it  is 
thererore  of  the  /3  Lyrce  type.  Further  observations 
will  l>c  made  with  exposures  of  2  or  3  minutes  with  the 
star  much  less  out  of  focus  than  on  th(>  plates  already 
obtained.  A  full  discussion  will  lie  publislunl  later. 
The  figure  shows  the  shape  and  approximately  cor- 
rect range  of  the  light  curve,  but  in  tlie  absence  of  any 
photographic  magnitudes  for  the  comparison  stars, 
and  the  consequent  necessity  of  assuming  a  magnitude 
for  one  of  them,  the  actual  valuers  of  the  maximum  aiul 
minimum   magnitudes  may  be  considerably  in   error. 


Allegheny  Observatory, 
Apnl,  1923. 
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OBSERVATIONS  OF  ASTEROIDS  AT  THE  YERKES  OBSERVATORY 

By  G.  van   BIESBROECK,  O.  STIIUVE  and  I.  YAMAMOTO. 


The  following  asteroids  were  measured  on  plates 
taken  with  the  24-inch  reflector.  Usually  the  plates 
were  exposed  for  twenty  minutes  and  taken  in  pairs  in 
immediate  succession.     The  moving  objects  could  then 


be  located  by  means  of  the  blink-comparator.    Paget's 
"Hurricane"  plates  made  it  possible  to  reach  beyond 
16""  with  the  relatively  short  exposure  of  20  minutes. 
Only  rough  positions  were  olJtained.     The  accuracy 


KNOWN    ASTEROIDS 


G.  M. 

T.  1922 

tt  (1925) 

8  (1925) 

Aa 

Ad 

Ma;;. 

Obs. 

99  Dike 

Nov. 

20.87 

h 

3 

25.1 

4-23  .54 

+  V3 

+  16 

14.9 

Y 

265  Anna 

Sept 

16.73 

23 

52.3 

+  19     8 

-0.1 

0 

16.0 

S 

275  Sapientia . . 

Sept 

17.60 

23 

31.6 

-   7  38 

-0.4 

-   7 

13.5 

s 

320  Katharina 

Sept 

16.67 

21 

57.1 

+  0  58 

-0.6 

-   3 

14.2 

s 

320  Katharina 

Sept 

20.60 

21 

55.2 

+  0  31 

-0.4 

-    2 

14.9 

s 

394  Arduina*.  . 

Dec. 

21.51 

6 

35.3 

-K27  29 

4-0.2 

+   6 

1.5.2 

Y 

756  1908  DC  . . 

Oct. 

24.73 

1 

56.2 

-MO  56 

-2.0 

0 

1.5.7 

s 

756  1908  DC  . . 

Oct. 

25.72 

1 

55.4 

-hlO  48 

-2.1 

0 

15.7 

s 

756  1908  DC  .  . 

Oct. 

26.78 

1 

54.7 

-1-10  39 

-2.1 

0 

15.5 

s 

756  1908  DC  .  . 

Oct. 

29.82 

1 

52.7 

-MO  16 

-2.0 

0 

15.5 

s 

784  1914  UM  . 

Nov. 

22.69 

3 

27.8 

4-30  25 

+0.1 

+   2 

14.2 

VB 

784  1914  UM  . 

Nov. 

23.72 

3 

26.9 

4-30  23 

+0.1 

+   2 

13.8 

VB 

810  Atossa  .... 

Dec. 

21.87 

missing 

VB 

810  Atossa 

Dec. 

22.79 

missing 

VB 

907  Rhoda  .... 

Sept. 

28.77 

0 

15.8 

-21     5 

-0.7 

-   4 

14.8 

s 

907  Rhoda  

Oct. 

17.72 

23 

58.6 

-20  44 

-0.7 

-   4 

14.9 

s 

907  Rhoda  

Nov. 

14.57 

23 

44.8 

-18     4 

-0.4 

-   3 

15.7 

Y 

907  Rhoda  .... 

Nov. 

20.63 

23 

44.2 

-17  15 

-0.4 

-    3 

15.8 

Y 

933  1920  GZ  .  . 

Nov. 

22.82 

4 

6.3 

-h27  21 

-0.3 

-    3 

13.8 

VB 

933  1920  GZ  .  . 

Dec. 

12.78 

3 

45.1 

4-27  45 

-0.2 

-    3 

13.5 

VB 

954  1921  JL't  . 

Nov. 

23.79 

3 

42.3 

4-18     5 

+2.5 

+  7 

14.1 

VB 

954  1921  JU  . . 

Dec. 

12.67 

3 

28.0 

4-17  18 

+2.3 

+   8 

13.7 

s 

955  1921  J  Ft  . 

Nov. 

24.77 

4 

31.3 

4-36  51 

-0.4 

0 

15.8 

VB 

955  1921  JV  .  . 

Nov. 

28.87 

4 

26.6 

4-36  46 

-0.5 

-    1 

15.9 

S 

955  1921  JV  .  . 

Dec. 

1.97 

4 

23.0 

4-36  41 

-0.5 

+    1 

15.8 

VB 

955  1921  JV  .  . 

Dec. 

9.63 

4 

14.4 

4-36  21 

-0.5 

-    1 

15.7 

VB 

955  1921  JV  . . 

Dec. 

15.80 

4 

7.9 

4-36     1 

-0.5 

0 

16.3 

VB 

955  1921  JV  . . 

Dec. 

22.71 

4 

1.5 

4-35  31 

-O.o 

_   2 

16.0 

VB 

*  Correction  to  ephemeris  in  Beob.  Zirk.,  30. 

t  Correction  to  ephemeris  received  from  the  Kechen-Institut, 

X  Correction  to  ephemeris  in  Bcnh.  Zirk.,  25. 
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UNIDKNTIFIED   OBJECTS 


V.  O.  1  (i;t22  XB) 


G.  M.  T.  19_'2 

o  (192.5) 

a  (1925) 

Mag. 

Ob 

Oct. 

24.731 

h       in       8 

2    1  38 

+  10  35.1 

15.0 

S 

2.5.773 

2    0  48 

10  31.1 

15.0 

s 

26.803 

1  59  58 

10  27.2 

15.0 

s 

Oi-t. 

29.819 

1  57  35 

10  16.1 

15.1 

s 

Nov. 

14.80o 

1  46    5 

9  25.2 

15.1 

s 

16.655 

1  44  58 

9  20.4 

15.1 

s 

20.704 

1  42  49 

9  11.9 

15.2 

s 

Nov. 

22.732 

1  41  49 

9    7.9 

15.7 

s 

Dec. 

9.549 

1  37    5 

8  55.9 

16.2 

s 

Dec. 

12.585 

1  36  55 

8  57.3 

15.9 

s 

Y.  O.  2  (1922  JVC) 


Nov 

14.805 

1  4()  51 

+   9  39.9 

15.7 

s 

16.655 

1  45  37 

9  43. 1 

16.0 

s 

20.704 

1  43  19 

9  51.5 

15.7 

s 

Nov 

22.748 

1  42  21 
Y.  0.     3 

9  56.4 
(1922  ND) 

16.0 

s 

Nov 

14.805 

1  45  31 

+  10  19.6 

16.2 

s 

16.655 

1  44  30 

10    8.S 

>< 

20.704 

1  42  19 

9  46.4 

15.9 

s 

Nov. 

22.748 

1  41  21 

9  35.8 

Ki.O 

s 

Dec. 

9.533 

1  36  21 

8  29.5 

"l5.7 

s 

15.526 

1  35  58 

8  15.4 

16.1 

s 

Dec. 

20.668 

1  36  12 

8    7.4 

s 

Y.  O.  4  (1922  NE) 


Nov. 


Nov. 
Dec. 


Dec. 


23.836 
24.769 
28.867 
1.963 
9.627 
15.801 
22.738 


4  31  9 
4  30  6 
4  25  31 
4  22  10 
4  13  32 
4  7  13 
4  0  56 


+36  29.1 
36  31.2 
36  38.6 
36  42.4 
36  44.8 
36  40.9 
36  31.0 


Y.  O.  5  (1922  MZ) 


Nov.  23.836* 
Nov.  24.769 
Dec.  15.840 
Dec.  22.707 


4  37  18 
4  36  12 
4  12  22 
4    6  27 


+  36  37.1 
36  38.1 
35  48.8 
35  17.8 


16.0 
15.8 
15.8 
15.9 
16.0 
16.4 
15.8 


15.2 
15.3 
15.0 
15.1 


VR 
VB 
VB 
VB 
VB 
VB 
VB 


VB 
VB 
VB 


Y.  0.     6 

(1922  MY)* 

Nov. 

24.783 

4  32  38 

+  37    6.9 

VB 

Nov. 

28.867 

4  27  35 

37    0.4 

16.2 

VB 

Dec. 

1.963 

4  23  41 

36  52.5 

16.2 

VB 

9.627 

4  14  23 

36  22.8 

16.0 

Mi 

15.801 

4    7  41 

35  49.6 

16.1 

VB 

Dec. 

22.707 

4    1  34 

35    6.4 

16.2 

\B 

'Observed  Dec.  14  bv  M.  Wou*-,  Bcub.  Zirk..  M. 


is  of  the  same  order  as  tliat  of  (he  cplicincridcs  ])ul)- 
lished  by  the  llechen-Institut  of  B('rliii.  If  desired, 
accurate  po.sitions  could  be  deduced  from  the  plates  on 
request. 

In  the  hope  of  extending  oui-  knowh'dnc  about  the 
asteroids  towards  the  ones  that  are  fainter  than  the 
generally  recorded  ones,  it  is  the  intention  of  the 
observers  henceforth  to  devote  their  attention  to  the 
fainter  objects  only,  below  14'",  sincethe  instrumental 
equipment  used  makes  it  possible  to  follow  objects 
of  16'"  and  even  fainter.  The  program  includes  the 
faint  asteroids  marked  f  in  the  "Oppositions  Ephem- 
eriden"  for  1923,  meaning  that  they  are  especially  in 
need  of  measurement.  The  small  size  of  the  reflector's 
field  —  about  1^  degrees  on  a  side  —  will,  of  course, 
allow  only  those  objects  to  be  recorded  for  which  the 
correction  to  the  ephemeris  is  less  than  ±3™. 5  cos  h 
and  ±52'  since  it  would  not  be  practical  to  cover  a 
liigger  area  by  a  large  number  of  plates.  An  object 
indicated  as  "missing"  means  that  it  has  not  been 
found  within  the  above  limits. 

The  preceding  list  hardly  requires  further  explana- 
tion. Greenwich  mean  time  is  used.  The  jjositions 
are  for  1925.0.  The  magnitudes  are  roughly  estinuit- 
ed  by  comparison  with  a  plate  of  the  polar  sequence. 
Unless  otherwise  indicated  the  corrections  refer  to  the 
"  Opposition.*  Ephcmeriden  1922."  The  three  <ib- 
servers  are  indicated  by  the  initials  VB,  S  and  Y. 
The  first  part  includes  the  objects  where  there  is  no 
doubt  about  the  identity  with  known  asteroids.  The 
second  list  includes  the  objects,  probably  new,  that 
have  been  measured  on  the  same  plates.  Until  fur- 
ther identified  we  will  designate  these  by  Y.  O..  fol- 
lowed by  the  order  of  discovery.  Since  it  is  unlikely 
that  these  faint  objects  are  being  observed  elsewhere, 
we  are  trying  to  follow  them  as  long  as  is  necessary 
for  establishing  reliable  elements.  All  of  them  arc 
still  under  observation  and  circular  orbits  are  used  for 
extrapolating  the  positions.  For  these  objects  a  few 
more  accurate  measurements  are  iilanned  when  the 
series  are  completed. 

Williams  Bay, 
Jan.  0,  W23. 
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OBSERVATIONS   OF   THE   SATELLITES   OF  SATURN,    1915-16, 

WITH    THE    26-INCH    REFRACTOR    OP   THE    TJ.    S.    NAVAL   OBSERVATORY, 

By   ASAPH   HALL. 

[Communicated  by  Captain  W.  D.  MacDougall,  U.  S.  Navj^  Superintendent  of  U.  S.  Naval  Observatory.) 


Date 


W.  M.  T. 


W.  M.  T. 


Coinp. 


Power  and 
Ilium. 


1915  Nov. 


Dec. 
1916  Feb. 


1915  Nov. 


1915  Oct. 


Dec. 


1916 


Feb. 


Alar 


Apr. 


17 
Dec.   6 


14 

14 

37 

13 

36 

25 

12 

22 

38 

9 

7 

14 

9 

3G 

16 

13 

19 

2 

13 

51 

20 

14 

56 

0 

13 

16 

14 

13  55  56 

14  30  4 

15  21  51 

16  4  34 

15  6  40 

12  54  31 

11  34  14 

13  50  18 

13  39  48 

12  7  59 

13  4  56 

12  0  22 

14  50  3 

10  48  23 

10  59  35 

10  27  38 

9  18  29 

8  21  2 

9  57  55 

7  58  31 

8  26  12 

8  4  59 

8  47  23 

9  44  13 

8  39  19 

9  59  6 

286.44 
87.28 

337.16 
95.59 
93.49 


265.60 
263.83 
254.88 
194.61 


262.333 
253.671 
226.166 
147.502 
280.023 

263.435 

90.482 

18.055 

272.654 

264.859 

137.114 
112.774 

48.372 
236.082 

41.042 

350.362 
255.190 
139.388 
283.936 
104.712 

345.497 

98.466 

262.291 

245.272 

89.621 

74.534 


Mimaa-Tethijs 


14  22  48 

14.66 

4  ,  4 

3-4 

13  38  10 

77.11 

4  ,  4 

2-3 

12  22  47 

17.23 

4  ,  4 

2 

9  4  58 

69.54 

2  ,  2 

3 

9  38  20 

72.43 

2  ,  2 

3 

Mrmas-Rhea 


Rhcn-Titan 


13 

57 

32 

14 

31 

0 

15 

22 

16 

16 

5 

36 

15 

9 

24 

13 

7 

59 

11 

32 

50 

13 

49 

30 

13 

43 

22 

12 

14 

18 

13 

5 

42 

11 

54 

57 

14 

52 

30 

10 

55 

49 

10 

59 

34 

10 

27 

3 

9 

18 

25 

8 

22 

14 

8 

8 

9 

8 

23 

6 

8 

1 

8 

8 

45 

47 

9 

46 

59 

8 
10 

40 
0 

19 
40 

110.39 
224.12 
167.44 
114.94 
220.64 

284.02 
259.71 
123.07 
206.42 
201.64 

122.38 
81.12 

159.07 
92.99 

135.40 


64, 
261. 
147. 


200.10 


92 
233 
252 
154 
121 
234 


4  ,  4 

4  ,  4 

4  ,  4 

4  ,  4 

4  .  4 

4  ,  4 
4  ,  4 
4  ,  4 
4  ,  4 
4  ,  4 

4  ,  4 

4  ,  4 

4  ,  4 

4  ,  4 

4  ,  4 

4  ,  4 

4  ,  4 

4  ,  4 

3  ,  0 

2  ,  3 


4  ,  4 


3 

4 

3 

3-4 
3-4 

2-3 
3-4 

2 

2 
2-3 

3 

3 

2 

2-3 
3-4 

3 

3-4 
3-4 

2 


3 
3 
3 
3 
3 
2-3 


388, 

Bit. 

388, 

Brt. 

367b, 

Red 

367b, 

Red 

367b, 

Red 

13  16  32 

111.23 

2  ,  2 

2 

13  51  44 

110.63 

2  ,  2 

2 

14  55  40 

107.66 

4  ,  4 

2 

13  27  47 

44.82 

4,  4 

2 

390p,  Brt. 

390p,  Brt. 

390p,  Brt. 

390p,  Brt. 

390p,  Brt. 

388,  Brt. 
390p,  Brt. 
390p,  Brt. 
390p,  Brt. 
388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 

388,  Brt. 


388, 
388, 
388, 
388, 
388, 

388, 
388, 
388, 
388, 
388, 
388, 


Brt. 
Brt. 
Brt. 
Brt. 
Brt. 

Brt. 
Brt. 
Brt. 
Brt. 
Brt. 
Brt. 


First  two  p's  with  red  wi 
Mimmi  faint. 


367b, 

Brt. 

367b, 

Brt. 

367b, 

Brt. 

367b, 

Brt. 

[Delaj^ed  by  lights  burning  out 
First  two  p's  with  red  wires. 


Delayed  by  eyepiece  fogging. 
Haze. 


Clouds. 
Clouded. 
Haze.     Clouds. 


[Clouds. 


Rheo  ver^•  faint  at  last. 
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W.  M.  T. 


1915  Oct. 


mU)   .1: 


Fob. 
Mar. 


Nov. 


Dec. 


I'lUi  .Jan. 


Mar. 


191.-)  Oct.  2.T 
27 
30 
i) 
<) 

10 
17 
22 
24 
30 


W.  M.  T. 


Comp. 


Power  and 
Ilium. 


Remarks 


14 

32 

31 

14 

29 

38 

15 

2 

29 

14 

4 

56 

13 

25 

5 

13 

25 

35 

12 

5 

38 

11 

48 

20 

11 

2() 

21 

11 

21 

25 

11 

0 

22 

8 

59 

29 

9 

46 

0 

8 

34 

0 

250.893 
260.693 
179.073 
206.742 
278.977 

244.768 
230.086 
200.060 
250.687 
106.705 

268.989 

60.414 

166.201 

273.434 


25 
Apr.   10 


Titan-  Hyperion 


14  34 

10 

379.37 

4 

4 

3-4 

14  36 

26 

148.60 

4 

7 

2 

15  0 

33 

73.32 

4 

4 

2-3 

14  3 

22 

426.98 

4 

4 

2-3 

13  22 

19 

372.02 

4 

5 

2-3 

13  30 

22 

278.77 

4 

.5 

2-3 

132.46 

2 
4 

0 
4 

2-3 

11  47 

14 

11  26 

15 

164.19 

4 

4 

2-3 

11  23 

55 

180.53 

4 

4 

3 

11   1 

20 

393.03 

4 

6 

3 

9  25 

36 

1 13.00 

2 

4 

2-3 

9  45 

56 

92.16 

4 

4 

3 

8  31 

16 

394.94 

4 

6 

2-3 

388, 
3671), 

388, 
388, 
388, 

3671.. 


Kc.l 
Red 
Rcil 
Red 
Red 

Red 


3671> 
3671) 
3671. 


388,  Red 

388,  Red 

388,  Red 

388,  Hed 


Prohal.lv  iKil   II uprrion. 
Hyperion  very  I'aiiil. 

Hyperion  faint. 

Delayed  by  eyei.iece  foRginf!;. 


[fiuctuatiiiK. 
Poor  observation.      Wires 


First  two  7;'s  with  3()7b. 

("louds. 

Windy. 


15  2 

35 

264.875 

16  3 

44 

270.388 

15  47 

3 

267.8()7 

15  11 

1 

249.003 

13  15 

50 

223.297 

14  8 

3 

215.372 

12  38 

4 

242.428 

12  29 

25 

119.228 

12  19 

10 

99.81 1 

11  59 

13 

78..553 

13  50 

10 

78.060 

11  13 

19 

86.991 

13  25 

48 

84.466 

13  57 

25 

279.580 

12  37 

38 

262.249 

10  7 

48 

263.249 

8  56 

57 

265.843 

10  23 

0 

260.372 

9  6 

10 

227.814 

8  50 

34 

168.869 

8  29 

80 

16.665 

10  34 

36 

12.400 

10  48 

51 

44.898 

8  47 

12 

26.827 

10  7 

20 

276.757 

9  29 

58 

267.538 

8  47 

56 

255.295 

T  i  Id  II -J  (1  pell 

•S'  (/)  (111(1  s) 

15  3  0 

337.17 

1  ,  4 

3-4 

388, 

Hrt. 

16  19  8 

409.18 

4  ,  2 

3-1 

388, 

Brt. 

15  48  51 

010.52 

4  ,  4 

3 

388. 

Ikt. 

15  8  5 

555.74 

4  ,  4 

3 

388, 

Brt. 

13  15  27 

188.25 

4  ,  4 

3-4 

388, 

Hrt. 

14  10  20 

125.40 

4  .  4 

2-3 

388, 

I'.rt. 

Fofiiied  eyepiece  l're(|uently 

12  38  5 

164.97 

4  ,  4 

3 

388, 

I'.rt. 

12  32  1 

285.02 

4  ,  4 

2 

388, 

Red 

Moonlight.  Haze. 

12  28  21 

485.48 

4  ,  6 

2 

388. 

Red 

11  56  26 

541.94 

4  ,  4 

3-4 

388, 

Red 

13  54  43 

435.80 

4  ,  4 

3 

388, 

Red 

11  14  40 

681.96 

4  ,  4 

3 

388, 

Red 

13  28  54 

748.01 

■1  ,  4 

3 

388, 

Hrt. 

13  58  37 

507.13 

4  ,  5 

3-4 

388, 

Hrt. 

12  42  6 

620.63 

4  ,  6 

3-4 

388, 

Hrt. 

10  7  0 

378.25 

4  ,  5 

3-4 

388, 

Hrt. 

2  ,  0 

3-4 

388, 

Hrt. 

Clouded. 

10  26  2 

729.10 

4  ,  6 

3 

388, 

Hrt. 

9  8  6 

320.63 

4  ,4 

2 

388, 

Red 

Haze.  ( 'louds. 

9  0  18 

52.29 

2  ,  2 

8  30  38 

122.67 

4  ,  4 

2 

388, 

ikt. 

10  35  24 

84.60 

4  ,  4 

3 

388, 

Red 

Windy. 

10  45  54 

151.50 

4  ,  4 

3 

388, 

Brt. 

8  45  39 

144.30 

4  ,  4 

2-3 

388, 

Brt. 

10  6  39 

512.83 

4  ,  4 

3 

388, 

Brt. 

2,  0 

3 

388, 

Ret! 

Too  unsteady  to  finish. 

8  49  19 

620.71 

4  ,  7 

2-3 

388, 

Brt. 
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Titan-Japetus  {transits) 
Date  W.  M.  T.  Aa  A5 

1915  Nov.       5  U^  59"'     5"  -37^554  -198".85 


Power 
Comp.  Seeing  :iml  lUimi. 

/49.10  2-3  3671),    Bit 


Seeing:  2  =  good,  3  =  fair,  4  =  poor.  Power  and  Ilium:  b  =  occulting  bar  over  planet,  p  =  prism,  Brt.  = 
bright  field,  Red  =  red  wires. 

Repsold  micrometer  was  used.  Value  of  one  revolution  =  20". 8347  +  0".0000  22(f  -  50°F.)  +  0".0535 
(0'"-.810- focal  scale.) 


U.  S.  Nai'al  Obscrmtory,  Washington,  D.  C, 
19-23,  Mar.  31. 


VARIATION  OF  LATITUDE  OBSERVATIONS  AT  THE  U.  S.  NAVAL  OBSERVATORY, 

By    F.    B.    LITTELL. 

[communicated  by  captain  w.  d.  macdougall,  d.  s.  navy,  superintendent.] 


The  observers  during  the  period  1922.0  -  1923.0  were 
F.  B.  LiTTELL,  J.  D.  Wise,  and  J.  E.  Willis.  Practi- 
cally all  the  plates  were  measured  by  Mr.  Wise. 
The  program  was  the  same  as  heretofore.  The  star 
list  has  been  changed  by  the  substitution  of  11  new 
stars  in  the  list  of  71  on  account  of  some  of  the  stars  of 
the  original  list  having  been  carried  out  of  the  field  of 
the  instrument  by  precession  and  on  account  of  others 
having  proved  too  faint  for  observation  in  average 
weather  conditions. 

The  scale  value  was  corrected  by  the  results  of  the 
observations  during  the  year.  The  probable  error  of 
a  latitude  from  a  single  star  for  each  year  since  the 
beginning  of  observations  with  the  photographic 
zenith  tube  at  the  Naval  Observatory  is  as  follows: 


1916 
1917 
1918 
1919 
1920 
1921 
1922 


There  has  been  a  noticeable  increase  in  the  probable 
error  as  is  evident  from  the  table.  Also  the  probable 
errors  for  the  winter  months  are  materially  larger  than 
for  the  summer  months  as  is  shown  below.  This 
results  in  the  annual  means  being  influenced  slightly 
by  the  seasonal  distribution  of  the  observations  and 


div 

idual  t- 

tars 

By  seasons 

0' 

'.086 
.093 
.086 
.093 
.098 
.108 
.109 

±0' 

'.098 
.090 
.088 
.096 
.101 
.108 
.110 

accounts  for  the  difference  between  the  yearl.y  means 
when  taken  by  individual  stars  and  when  taken  by 
seasons.  This  seasonal  difference  points  to  the  de- 
sirability of  increasing  the  number  of  observations 
in  the  winter  season  to  compensate  for  the  decrease  in 
accuracy  at  that  time,  but  the  prevailing  conditions 
as  to  cloudiness  are  not  favorable  to  that  procedure. 
The  average  probable  errors  for  each  month  as  de- 
duced from  the  observations  of  seven  years  are  given 
below. 


January 

February 

March 

April 

May 

June 


There  is  also  a  variation  in  the  size  of  the  probable 
error  dependent  on  the  distance  of  the  star  from  the 
middle  of  the  plate.  This  seems  to  be  due  in  part,  at 
least,  to  an  apparently  temporary  change  in  scale 
value  for  different  nights,  the  observations  being 
reduced  with  a  constant  scale  value  for  considerable 
periods  of  time.  The  following  are  the  average  pro- 
bable errors  for  different  zenith  distances  as  deduced 
from  the  observations  of  the  year  1922. 


105 

Julv 

±0".078 

115 

August 

.080 

119 

September 

.085 

100 

October 

.086 

094 

November 

.108 

090 

December 

.110 

Rev. 

0  to  20 

±0".100 

20  to  40 

.105 

40  to  60 

.113 
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This  clement  of  the  probable  error  maj'  be  expressed 
a.^  ±0.0011  H  where  R  is  the  numlier  of  revolutions 
measured.  If  these  errors  are  actually  due  to  a  tem- 
porary change  in  the  scale  value,  effective  for  a 
plate,  their  effect  is  almost  entirely  eliminated  in  the 
mean  of  each  completely  observed  group  by  the  sym- 
metrical arrangement  of  the  stars  in  each  group  with 
reference  to  the  zenith. 

Before  April,  1919,  all  plates  were  dried  quickly 
after  developing  by  immersing  them  in  pure  alcohol, 
a  method  proposed  and  used  by  Dr.  F.  E.  Ross,  as 
a  result  of  his  experiments  at  Gaithersburg.  About 
that  time  considerable  trouble  was  experienced  by  a 
fogging  of  the  plates  which  was  apparently  caused 
by  the  alcohol  then  procurable,  although  it  was  sup- 
posed to  be  pure.  Its  use  was  therefore  discontinued. 
This  course  was  the  more  readily  decided  upon,  in 
view  of  the  opinion  of  other  authorities  that  ordinary 
drying  would  be  just  as  satisfactory.  The  average 
probable  error  for  3  1-4  j'cars  before  the  change  was 
=*=0".092  and  for  3  3-4  j'ears  after  the  change  it  was 
±0".105.  While  the  evidence  is  not  conclusive,  it 
appears  that  this  may  have  been  a  contributory  cause 
of  the  increase  of  the  probable  errors. 

The  quality  of  the  images  on  the  photographic 
plate  which  is  estimated  on  a  scale  of  5  and  is  recorded 
by  the  plate  measurer,  does  not  seem  to  have  any 
appreciable  effect  on  the  size  of  the  probable  errors. 

The  value  of  the  constant  of  ablieration  deduced 
from  the  closing  error  for  this  year  is  20". 485  =fc0".014, 
and  the  mean  value  for  the  seven  years  of  this  work 
is  20".458  ±0".0O65. 

Table  1  gives  the  variation  of  latitude  at  Wash- 
ington for  each  twentieth  of  the  year  as  deduced 
graphically  from  the  adopted  latitude  curve. 


T 

\BLE 

1 

ECTIONS 

TO 

Mean   Latitude  kou 

Washin( 

921.95 

-0 

"12 

1922.50 

+  0' 

'.12 

922.00 

- 

.10 

.55 

+ 

.08 

.05 

- 

.08 

.60 

+ 

.04 

.10 

- 

.04 

.05 

+ 

.01 

.15 

+ 

.02 

.70 

- 

.02 

.20 

+ 

.09 

.75 

- 

.00 

.25 

+ 

.13 

.80 

- 

.10 

.30 

+ 

.15 

.85 

- 

.11 

.35 

+ 

.10 

.90 

- 

.13 

.40 

+ 

.17 

.95 

1- 

.151 

.45 

+ 

.15 

1923.00 

[- 

.181 

Table  2  gives  for  each  observing  night,  the  designa- 
tion of  the  observer,  the  number  of  stars  observed  and 


the  resulting  observed  excess  of  the  latitude  of  the 
instrument  over  -|-38°  55'  16". 00  for  each  group,  the 
mean  for  the  night,  and  the  correction  "  v,"  to  reduce 
the  oliscrvcd  laliludc  to  lliat  Riven  by  (he  ;ulo|)(r(l 
curve. 

TABId':    2 

OnsERVEi)   Latitudes  of  the   PiiOTOfiRAi'iiic 
Zenith  Tuhe 


Date 

Obsr. 

No. 

OJ>:. 

Obi?prved  Latiludo 
+  38°  55'  ]6".00+ 

" 

ii 

iii 

ii 

iii 

Mean 

1022 

Jan.         1.4 

W 

6 

8 

0.88 

1.02 

0.96 

-.03 

2.4 

L 

8 

5 

0.74 

0.93 

0.81 

+  .12 

5.4 

L 

7 

7 

0.96 

1.04 

1.00 

-.07 

6.4 

W 

7 

1 

0.89 

0.69 

0.87 

+  .06 

7.4 

L 

S 

8 

0.95 

0.86 

0.91 

+  .03 

12.4 

L 

s 

8 

0.89 

1.00 

0.95 

-.01 

13.3 

W 

3 

0.98 

0.98 

-.04 

14.4 

L 

8 

8 

0.85 

0.94 

0.90 

+  .04 

ill 

iv 

iii 

iv 

Moan 

23.5 

W 

7 

() 

0.98 

0.97 

0.97 

-.01 

24.5 

L 

8 

7 

0.89 

0.89 

0.89 

+  .07 

25.5 

W 

8 

8 

0.96 

0.87 

0.92 

+  .0.^, 

26.5 

L 

8 

7 

0.94 

1.03 

0.98 

-.01 

30.4 

W 

8 

5 

0.94- 

1.05 

0.98 

.00 

Feb.        2.5 

L 

8 

7 

1.05 

1.10 

1.08 

-.10 

3.5 

W 

8 

8 

0.97 

1.05 

1.01 

-  .02 

6.4 

W 

2 

1.04 

1.01 

-.01 

7.4 

L 

8 

2 

1.02 

0.76 

0.97 

+  .03 

8.4 

W 

8 

7 

1.02 

0.88 

0.95 

+  .05 

13.4 

W 

3 

0.85 

0.85 

+  .17 

21.4 

L 

n 

1.08 

1.08 

-.03 

22.4 

W 

7 

8 

1.05 

1.12 

1.09 

-.04 

24.4 

W 

8 

8 

1.00 

1.02 

1.01 

+  .05 

25.4 

L 

6 

1 

1.02 

1.35 

1.07 

-.01 

27.4 

W 

7 

1 

1 .03 

1.37 

1.07 

.00 

28.4 

L 

8 

6 

0.92 

1.04 

0.97 

+  .10 

iv 

v 

iv 

V 

Mean 

Mar.       5.5 

L 

8 

8 

1.16 

1.04 

1.10 

-.01 

6.4 

W 

4 

1.20 

1.20 

-.11 

8.5 

WIW 

s 

7 

1.03 

1.20 

1.11 

-.01 

13.4 

W 

5 

1.11 

1.11 

+  .01 

15.5 

W 

() 

8 

1.12 

1.22 

1.18 

-.06 

16.5 

Wl 

8 

8 

1.04 

1.08 

1.06 

+  .06 

17.5 

W 

8 

7 

1.17 

1.23 

1.20 

-.07 

22.5 

W 

8 

8 

1.15 

1.15 

1.15 

-.01 

23.^ 

Wl 

5 

6 

1.19 

1.11 

1.15 

-.01 

26.4 

W 

2 

1.22 

1.22 

-.07 

29.4 

Wl 

4 

1.17 

1.17 

-.02 

Apr.        1.3 

w 

2 

1.49 

1.49 

-.33 
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Date 

Obsr. 

No. 

Obs. 

Observed  Latitude 
+38°  55'  16".00+ 

" 

1922 

Apr.       2.4 

W 

8 

7 

1.14 

1.12 

1.13 

+  .03 

9.3 

W 

2 

1.20 

1.20 

-.03 

10.3 

Wl 

2 

1.20 

1.20 

-.03 

11.4 

w 

6 

3 

1.21 

1.30 

1.24 

-.07 

12.4 

^^' 

6 

6 

1.10 

1.21 

1.15 

+  .02 

15.4 

w 

6 

8- 

1.26 

1.18 

1.22 

-.04 

18.4 

w 

3 

7 

1.09 

1.18 

1.16 

+  .02 

20.4 

w 

5 

8 

1.11 

1.04 

1.07 

+  .11 

V 

vi 

V 

vi 

Mean 

21.6 

Wl 

4 

7 

1.19 

1.14 

1.16 

+  .02 

22.6 

w 

7 

8 

1.11 

1.22 

1.17 

+  .01 

24.6 

Wl 

6 

7 

1.08 

1.16 

1.12 

+  .06 

29.5 

w 

8 

6 

1.12 

1.31 

1.20 

-.01 

May       1.5 

Wl 

7 

8 

1.11 

1.08 

1.09 

+  .10 

7.5 

w 

8 

8 

1.29 

1.32 

1.30 

-.10 

10.5 

Wl 

7 

8 

1.26 

1.30 

1.28 

-.08 

11.4 

w 

6 

1.31 

1.31 

-.11 

19.5 

Wl 

8 

8 

1.14 

1.14 

1.14 

+  .06 

22.5 

\\\ 

8 

8 

1.28 

1.20 

1.24 

-.04 

23.5 

w 

7 

7 

1.22 

1.20 

1.21 

-.01 

24.5 

Wl 

8 

8 

1.12 

1.15 

1.14 

+  .06 

27.5 

Wl 

3 

8 

1.29 

1.22 

1.24 

-.04 

28.5 

w 

6 

8 

1.07 

1.22 

1.16 

+  .04 

vi 

vii 

vi 

vii 

Mean 

June       3.6 

w 

7 

7 

1.18 

1.12 

1.15 

+  .04 

7.5 

w 

8 

4 

1.25 

1.24 

1.25 

-.06 

12.5 

w 

7 

8 

1.29 

1.27 

1.28 

-.10 

15.5 

AV 

8 

5 

1.12 

1.12 

1.12 

+  .06 

20.5 

^v 

7 

1.13 

1.13 

+  .04 

21.5 

Wl 

8 

8 

1.25 

1.13 

1.19 

-.03 

22.5 

w 

8 

7 

1.14 

1.03 

1.09 

+  .07 

23  5 

w\ 

7 

8 

1.23 

1.19 

1.21 

-.05 

'29.5 

\\ 

8 

8 

1.16 

1.07 

1.11 

+  .04 

30.4 

w\ 

5 

1.09 

1.09 

+  .05 

July        1.4 

w 

4 

1.01 

1.01 

+  .13 

5.5 

Wl 

8 

8 

1.20 

1.11 

1.15 

-.01 

6.5 

w 

8 

7 

1.18 

1.11 

1.15 

-.02. 

7.5 

W! 

7 

8 

1.21 

1.16 

1.18 

-.05 

9.5 

w 

8 

8 

1.24 

1.13 

1.18 

-.05 

11.5 

w 

8 

8 

1.22 

1.06 

1.14 

-.01 

vii 

viii 

vii 

viii 

Mean 

21.5 

L 

8 

8 

1.04 

0.99 

1.01 

+  .10 

22.5 

w 

8 

8 

1.08 

1.05 

1.06 

+  .05 

29.4 

w 

2 

1.08 

1.08 

+  .01 

31.4 

L 

2 

0.88 

0.88 

+  .21 

AuR.       2.5 

L 

8 

8 

1.06 

1.06 

1.06 

+  .02 

3.4 

w 

2 

1.14 

1.14 

-.06 

4.5 

w 

6 

7 

1.20 

1.15 

1.17 

-.09 

5.5 

L 

8 

8 

0.90 

1.10 

1.00 

+.08 

6.5 

W 

7 

8 

1.11 

1.17 

1.14 

-.06 

Date 

Obsr. 

No. 

Obs. 

Observed  Latitude 
+38°  55'  16".00+ 

'J 

922 

^, 

^, 

^, 

Aug. 

7.4 

L 

6 

1.03 

1.03 

+  .04 

9.5 

Wl 

8 

8 

1.09 

1.15 

1.12 

-  .05 

14.4 

Wl 

8 

3 

1.14 

1.20 

1.16 

-.10 

15.5 

L 

8 

8 

1.02 

0.99 

1.00 

+  .06 

16.5 

Wl 

5 

8 

0.96 

1.02 

1.00 

+  .06 

18.4 

Wl 

8 

8 

1.04 

1.01 

1.03 

+  .02 

21.4 

AVI 

6 

8 

1.06 

0.96 

1.00 

+  .05 

22.4 

L 

8 
viii 

8 
i 

1.01 

viii 

0.87 
i 

0.94 

Mean 

+  .11 

23.5 

Wl 

8 

7 

1.06 

1.10 

1.07 

-.03 

28.5 

Wl 

8 

8 

0.98 

1.02 

1.00 

+  .03 

i^ept. 

4.4 

L 

4 

1.21 

1.21 

-.18 

5.5 

W 

7 

6 

1.04 

1.09 

1.07 

-.05 

9.4 

W 

7 

1.00 

1.00 

+  .02 

10.4 

w 

4 

0.96 

0.96 

+  .06 

13.5 

L 

8 

8 

0.97 

1.04 

1.00 

+  .01 

14.5 

w 

8 

8 

1.02 

1.02 

1.02 

-.01 

16.5 

w 

8 

7 

0.96 

1.03 

1.00 

.00 

19.4 

w 

4 

1.16 

1.16 

-.16 

20.4 

L 

6 

1.08 

1.08 

-.08 

21.5 

W 

7 

7 

1.05 

1.04 

1.05 

-.06 

22.5 

L 

8 

8 

0.97 

0.97 

0.97 

+  .02 

23.5 

W 

8 

7 

1.02 

1.11 

1.06 

-.07 

25.4 

L 

8 

8 

0.89 

0.83 

0.86 

+.13 

26.4 

W 

8 

8 

0.98 

0.97 

0.97 

+  .01 

28.4 

W 

8 

7 

1.02 

1.00 

1.01 

-.03 

Oct. 

2.4 

L 

8 
i 

7 
ii 

1.00 
i 

1.01 
ii 

1.01 
Mean 

-.05 

5.5 

L 

8 

8 

0.92 

0.97 

0.94 

+  .02 

11.5 

L 

8 

8 

0.85 

0.92 

0.89 

+  .05 

12.5 

W 

8 

8 

1.00 

0.99 

0.99 

-.05 

17.4 

W 

5 

0.89 

0.89 

+  .04 

18.5 

L 

8 

8 

0.88 

0.85 

0.87 

+  .06 

19.5 

W 

8 

8 

0.86 

0.86 

0.86 

+  .07 

20.5 

L 

8 

8 

0.89 

0.93 

0.91 

+  .02 

21.4 

W 

7 

0.97 

0.97 

-.04 

22.5 

W 

8 

8 

0.91 

0.91 

0.91 

+  .02 

24.5 

W 

8 

8 

0.79 

0.97 

0.88 

+  .04 

26.5 

W 

8 

8 

1.00 

0.94 

0.97 

-.05 

30.5 

L 

8 

8 

0.98 

0.92 

0.95 

-.03 

Nov. 

5.5 

W 

8 

7 

0.97 

0.97 

0.97 

-.05 

9.4 

W 

8 

8 

0.95 

0.98 

0.97 

-.05 

10.4 

L 

8  ■ 

8 

0.84 

0.85 

0.84 

+  .07 

15.4 

L 

8 

0.91 

0.91 

.00 

ii 

iii 

ii 

iii 

Mean 

16.5 

W 

8 

8 

0.80 

0.83 

0.82 

+  .09 

19.5 

W 

8 

2 

0.91 

0.82 

0.89 

+  .02 

21.5 

W 

8 

8 

0.88 

0.99 

0.93 

-.03 

23.4 

W 

4 

1.20 

1.20 

-.30 

25.4 

AV 

.6 

1.03 

1.03 

-.13 
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Date 

Ob^r. 

No. 

Obs. 

Obsei  ved  Latitude 
+38°  55'  16".00+ 

u 

l'.12-.> 

Nov.    2s. :.     W 

7 

8 

0.99 

0.89 

0.94 

-.04 

29.5 

L 

8 

7 

0.85 

0.85 

0.85 

+  .04 

30.5 

VV 

7 

7 

0.85 

0.92 

0.89 

.00 

Doc.       6.5 

L 

8 

8 

0.85 

0.99 

0.92 

-.03 

10.5 

W 

8 

8 

0.99 

0.80 

0.90 

-.02 

19.5 

W 

8 

8 

0.86 

0.79 

0.82 

+  .05 

Date 

Obsr. 

No. 

Obs. 

Observed  Latitude 
+38°  55'  16".00+ 

u 

1922 

Dof.     21.5 

W 

8 

7 

0.88 

0.82 

0.85 

+  .01 

1923     29.4 

L 

8 

8 

0.93 

0.89 

0.91 

-.00 

Jan.        5.3 

W 

4 

0.83 

0.83 

8.4 

L 

5 

7 

0.74 

0.85 

0.81 

10.3 

L 

6 

0.79 

0.79 

12.4 

L 

8 

5 

0.80 

1.00 

0.87 

OBSERVATIONS   OF   ASTEROID    [1922   W20]  =  (132)   AETHRA, 

MADK    WITH    THE    I'HOTOr.IlAI'HIC   TELESCOPE    OF   THE    U.    S.    N.\VAL   OBSERVATORY, 

By   GEORGE   H.    PETERS. 
[Communicated  by  Captain  W.  D.  MacDougall,  U.  S.  Navy,  Superintendent.! 


Date 

G.M.T. 

Mag. 

Astrographic  1925.0           | 

a 

5 

1922 

h      m 

h      m      s 

o 

Dec. 

22 

16  00.6 

9.5 

5  42  58.51 

+  14  46  36.4 

23 

14  58.0 

9.5 

5  41  42.46 

+  14  25  34.1 

24 

15  36.0 

9.5 

5  40  21.31 

+  14  02  59.6 

26 

14  43.0 

9.5 

5  37  47.14 

+  13  20  06.8 

29 

15  01.9 

9.5 

5  33  55.90 

+  12  14  55.6 

29 

15  40.9 

.    9.5 

5  33  53.70 

+  12  14  20.5 

1923 

Jan. 

5 

15  43.0 

9.5 

5  25  39.44 

+   9  48  53.0 

8 

14  13.0 

9.5 

5  22  36.43 

+   8  51  24.6 

9 

14  38.0 

9.8 

5  21  37.00 

+   8  32  07.9 

13 

13  44.1 

10.0 

5  18  07.42 

+   7  20  15.0 

13 

15  14.0 

10.0 

5  18  04.18 

+  7  19  08.3 

19 

14  05.5 

10.5 

5  14  02.35 

+   5  41  57.5 

22 

14  11.0 

10.5 

5  12  35.50 

+  4  58  00.6 

Observations  from  Dec.  22,  1922  to  J:ui.  5,  1923 
inclusive  were  published  in  H.  C.  ().  Bull.,  782.  Tlicy 
are  reprinted  here  for  convenient  reference.  Informa- 
tion of  the  previous  observations  at  Algiers  and  Siineis 
had  not  been  received  here  at  that  time. 

In  Jour.,  B.  A.  A.  Vol.  XXXIII  No.  5,  I)k  Crom- 
MELiN  announced,  from  computations  by  Messrs. 
Mf.rton  and  Chand,  the  identification  of  this  object 
as  the  long  lost  Watson  asteroid  (132)  Aethra.  At  the 
present  epoch  the  asteroid  is  comparatively  unper- 
turbed. 


Date 

G.M.T. 

Mag. 

Astrographic 

1925.0           1 

a 

b            1 

1923 

h      m 

h      m      s 

O                /                fl 

Jan.    24 

13  26.0 

10.8 

5  11  51.91 

+ 

4  31  02.3 

Feb.     8 

12  03.0 

11.0 

5  12  02.09 

+ 

1  51  34.3 

14 

13  53.0 

11.5 

5  14  50.78 

+ 

1  06  39.7 

16 

13  35.0 

11.5 

5  16  05.46 

+ 

0  53  59.4 

19 

12  47.0 

12.0 

5  18  14.00 

+ 

0  36  44.8 

21 

13  02.0 

12.0 

5  19  52.20 

+ 

0  26  08.2 

Mar.     8 

12  25.0 

12.0 

5  36  23.88 

- 

0  32  47.0 

9 

12  40.0 

12.0 

5  37  45.90 

- 

0  35  49.9 

14 

12  35.0 

12.0 

5  44  56.21 

— 

0  49  32.9 

17 

12  20.0 

12.0 

5  49  32.92 

— 

0  57  02.0 

20 

12  13.0 

12.0 

5  54  24.06 

— 

1  04  08.9 

21 

12  18.0 

5  56  04.40 

— 

1  06  27.4 

24 

12  27.0 

12.0 

6  01  14.23 

— 

1  13  19.0 

Tlie  magnitudes  given  are  eye  estimates,  except  for 
the  two  observations  of  Dec.  29,  where  the  brightness 
was  carefully  checked  by  comparison  with  several  B.  D. 
stars  in  the  vicinity.  Owing  to  a  slight  interference 
by  clouds  no  estimate  of  magnitude  was  attempted  on 
the  plate  of  March  21.  These  reductions,  from  the 
plate     measures,     were     compuled     \\y     Miss     E.     A. 

liAMSON. 


U .  S.  Naval  Obsenalory, 
May  7,  1923. 
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MEASURES   OF   DOUBLE   STARS, 

By  WILLIAIM   O.    BE.VL. 

Tlio  following;  raeasurt'.s,  iiuule  with  the  10  1-2  inch  rpfractor  of  the  Ihiiversity  of  Minnesota,  are  a  continua- 
tion of  those  published  in  the  Aslroiiuniical  Journal,  No.  737.  Most  of  the  stars  measured  were  discovered  hy 
BuRNHAM  with  his  six  inch  telescope.     The  star  places  are  for  1880. 


B.  G.  C. 

;+:  Name 

a 

8 

1900  + 

d 

p 

Mag.s. 

Nights 

Remarks 

52 

106 
247 

292 

364 

395 
440 
455 

614 

633 
662 

758 

990 

992 

995 

1409" 

1418 
1424 

0  254 

/3  392 

0  107 

/i  lOS 

a  109    

h     m 

0    5.2 

0  10.5 
0  24.5 

0  27.7 

0  34.4 

0  38.0 
0  13.6 

0  45.8 

1  3.5 

1     5.1 
1     9.6 
1  20.5 

1  46.3 
1  46.8 

1  47.4 

2  38.5 

2  39.7 
2  40.6 

+  59    6 

+  60  52 
+  62  41 

+  62  15 

-17  10 

+47  38 
+49  59 
+  55  58 

+  50  22 

+  46  21 
+  55  52 
+44  47 

-10  19 
+  14  51 
-17  20 
-28  25 

+  35    3 
+  30  33 

15.89 
15.96 
16.89 
17.84 
17.84 
15.79 
17.91 
17.88 
17.93 
17.93 
16.15 
15.92 
16.28 
16.07 
16.08 
16.22 
16.42 
16.01 
16.01 
16.23 
15.80 
15.80 
16.88 
16.88 
15.92 
16.38 
15.86 
16.86 
16.87 
16.88 
16.08 

235.6 
241.6 

69.3 
113.8 

92.5 
359.3 
360.9 
218.3 
354.5 
356.4 
303.0 
294.2 

82.1 
135.5 
194.6 
331.5 

98.8 
286.S 

67.8 

48.3 
113.5 

26.0 
110.7 
138.4 
235.9 
244.8 
227.1 

96.1 
131.1 
172.0 

60.9 

7.60 

38.21 

20.26 

151.96 

45.39 

4.44 

3.77 

41.78 

104.97 

93.51 

33.09 

27.79 

1.18 

3.66 

9.06 

15.53 

1.02 

42.98 

60.57 

7.73 

5.18 

4.47 

122.26 

5.15 

4.54 

1.03 

2.59 

2.71 

70.15 

1 .90 

1.63 

7.6  —  10.6 

8.1  —  11.7 

6.0  —  11.9 
10.3  —    9.9 
10.3  —  11.8 

7.4  —  11.6 
7.6  —  10.3 
7.6  —  11.2 

8.2  —  10.7 

8.2  —  11.0 

5.5  —  11.6 

8.1  —  10.1 

8.3  —  10.7 

8.2  —    8.9 

8.2—  9.6 

8.3  —  11.7 
7.6—    7.8 
7.2  —  10.4 
7.2  —  lO.O 

10.1  —  11.2 

8.3—  8.6 
8.0  —  10.4 

5.2  —  10.9 
10.9—  11.0 

8.5  —  10.8 

8.3  —    8.7 

8.0  —    9.3 

8.1  —  10.2 
7.9  —  10.0 
6.1  —    9.2 
8.1  —  10.5 

4 
3 
1 
3 
3 
3 
4 
4 
3 
3 
4 
3 
3 
5 
5 
4 
4 
3 
4 
4 
4 
4 
3 
3 
3 
4 
4 
2 
3 
2 
5 

.1  and  B  (1) 
,4  and  ('     .  . 

A  and  /''  (2) 
.4  and  IJ 
A  and  B  .  . . 
A  and  li 
A  and  /''... 
A  and  />'... 
A  and  C  . 

0  231 

13  232    

ji  1 

AB  and  C 
A  and  B  . 
A  and  C  . 
A  and  D 
.4  and  E  . 
A  and  a  {c 
A  and  B  . 
A  and  C  . 
C  and  c 

) 

H  235    

(3  236    

03    

0  82    

A  and  C  (4) 
C  and  D  .  . 

/3  259    

/3  260    

0  183    

|3  261    

(3)     .  . 

A  and  B 
A  and  (' 
(5)     

ii  9 

,0  262    

— 

(53) 
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B.  G.  C. 


5f:  Nmm- 


1427 

r  305   

IRIU 

/i  10    

1512 

i;  333   

1913 

/i  85    

2159 

0  744    

2U)7 

a  102  

2287 

liSH    

2039 

/i  188    

2070 

/3  189    

2073 

/i  190    

2701 

/i  191    

2857 

S  90    

2908 

|8  192    

3008 

0  94    

An    

3271 

am  

3590 

Siriun 

Eapin  340 ... 

4000 

/3  198    

4122 

Caslor    

4104 

|8  200    

4192 

/J  201 . 

E.spin  904    ... 

4405 

)8  23      

4413 

jS  203    

4477 

2;  1190   

4708 

/3  207    

4714 

/3  208    

4723 

i;  1258  

4730 

/3  209    

4849 

/3  24    

4853 

/3  103    

4972 

2)  1321   

5030 

1-  1338  

Espin  718. ..  . 

5002 

/3  105    

2  10.7 
2  44.4 

2  52.4 

3  48.0 

4  10.5 
4  17.0 

4  31.0 

5  11.8 


5  14.0 
5  14.0 
5  17.3 
5  30.9 


5  40.9 

5  44.2 
5  50.0 
0  10.5 


0  39.9 
0  58.8 
7  20.() 
7  27.0 

7  30.7 


7  33.7 
7  35.3 
7  50.2 
7  57.7 


8    5.3 


+ 18  52 

-  5  29 
+  20  52 
+  17  17 
-20    1 

-  1  33 
-2  43 

-  0  58 

-5  28 

-  8  9 
+34  27 
+  30  25 

+  39    8 


-14  31 
+  10  32 
+   9  59 


-10  31 
+  31  52 
-2043 
+  32    9 

+  35  19 


-20  0 
+  51  29 
+  3  20 
-27  13 


+  18     1 


8  33.3 

-19  19 

8  33.9 

-22  10 

8  34.9 

+  49  18 

8  35.4 

+  39  14 

8  48.4 

-   8  18 

8  49.0 

-   7  22 

9    0.4 

+  53  13 

9  13.5 

+  38  42 

9  15.1 

+  52    7 

9  17.7 

+20  42 

18.00 

10.55 

18.00 

15.99 

17.83 

17.52 

10.23 

18.17 

18.17 

10.13 

10.08 

10.11 

10.09 

10.09 

10.19 

10.19 

10.10 

18.19 

10.25 

10.25 

10.25 

18.23 

18.22 

17.22 

18.20 

18.20 

10.28 

10.27 

10.31 

10.12 

18.02 

17.23 

10.12 

18.18 

18.18 

18.30 

18.30 

10.18 

18.27 

18.23 

18.35 

10.44 

10.21 

10.90 

18.35 

18.30 

18.08 

10.22 

18.27 

18.20 


314.2 
100.5 
203.7 
214.4 

40.7 

74.0 

87.7 
251.1 

59.7 

283.8 

4.2 

23.9 
209.4 
112.9 
353.3 

34.2 
175.9 
192.0 
257.4 
159.2 
225.9 

70.3 
138.5 
211.1 
217.0 
104.4 
190.0 

99.3 
241.3 
332.8 
130.0 
180.0 
213.7 
244.7 

74.2 
291.4 
112.0 
100.1 
195.7 
201.8 
331.1 
1.1 
177.3 

73.2 

09.4 
179.5 

27.0 
205.0 
200.0 
211.3 


3.13 

2.39 

1.28 

4.33 

45.11 

7.50 

31.72 

34.06 

30.30 

4.22 

35.11 

3.71 

12.55 

33.23 

39.07 

49.04 

2.70 

22.00 

03.05 

119.14 

4.00 

11.43 

5.15 

5.80 

5.31 

73.25 

100.92 

101.40 

1.07 

2.95 

3.00 

2.79 

7.04 

0.84 

03.50 

0.70 

5.08 

4.24 

1.31 

84.98 

9.88 

1.25 

1.05 

2.80 

19.07 

1.34 

7.05 

2.91 

3.00 

153.07 


Mags. 


0.9 

7.7- 

0.0 

8.0 

0.9 

9.2 

5.5- 

3.9- 

7.5- 
8.1  - 
10.2 
0.1  - 
0.1  - 
5.3- 
5.3- 
0.1  - 

9.1  - 
0.2- 
0.2- 
9.9  - 

9.2  - 
8.0- 
2.2  - 
2.0- 
5.5  - 
5.5  - 

10.0- 
7.9- 
9.5  - 
8.3- 
7.7- 
7.0- 

5.2  - 

0.2- 
0.0  - 
0.0- 
7.1  - 
8.5- 
7.7- 
8.1  - 
0.7- 
0.0- 
9.3- 
5.3- 
4.8- 
5.0- 


-  7.8 

-  10.9 

-  0.0 

-  10.5 

-  8.0 

-  11.5 
-11.7 
-11.7 
-ll.-l 
-11.9 

-  8.0 

-  10.3 

-  8.7 
-11.4 
-11.0 

-  10.9 

-  9.9 

-  9.4 
-11.1 

-  9.9 
-11.0 

-  9.9 

-  9.7 
11.1 

3.1 
10.0 

■  10.8 
10.0 
11.5 

8.5 
11.0 
11.8 

■  8.7 
9.0 
9.5 
5.5 
0.2 

10.7 

8.4 

10.7 

7.5 

8.0 

8.8 

11.0 

7.0 

7.1 

11.2 

10.8 

10.9 

10.0 


Nights 


Remarks 


(0) 


A  uiul  I) 

A  aiul  li     .  .  . 

.4 
.1 

and  />'     .  .  . 
and  1)      .  . 

+  />'aml  a    . 

+  /)'  and  C  . 
AH  and  D  . 
A  and  B  .  . 
A  and  C  (2) 

^-1  and  B 

A  and  C  .  .  . 
a  and  D    '  . 

(7) 

(1)  

.4  and  />'  (8) 
.1  and  ('     .  .  . 
.4  and  B  (2)  . 
.4  and  C  ..  .. 
C  and  D         . 

A   and  B     .  . 
A   and  B 
A   and  C 
A   and  /.' 
.1  and  r 

(1)  

+  and  B  (9) . 
.4  and  C 


(10)  .., 

.1  and  B 
A  and  B 
A  and  Q 
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>tt  Name 


1900  + 

e 

P 

18.31 

320.6 

1.07 

18.32 

337.2 

2.43 

17.22 

250.5 

3.03 

18.30 

159.4 

3.19 

1().48 

287.1 

1.58 

10.27 

129.1 

0.86 

18.2G 

117.0 

3.96 

18.09 

103.2 

3.10 

18.11 

301.0 

2.42 

1S.31 

202.2 

2.38 

18.30 

324.7 

2.45 

18.26 

324.5 

1.32 

16.21 

4.8 

3.60 

17.00 

102.4 

4.28 

18.12 

142.3 

5.51 

18.30 

39.2 

1.84 

16.24 

08.2 

2.53 

17.82 

328.7 

7.00 

18.36 

323.4 

0.15 

17.41 

01.7 

3.78 

16.28 

351.1 

149.16 

1 6.28 

292.0 

1.82 

16.29 

205.8 

2.53 

16.28 

142.6 

1.26 

17.37 

135.0 

1.95 

16.34 

197.7 

8.05 

16.34 

277.7 

3.18 

17.37 

237.1 

4.47 

16.36 

295.6 

35.30 

16.36 

98.2 

1.21 

1 6.34 

91.0 

6.84 

16.38 

94.9 

1.04 

17.52 

301.2 

1.70 

17.50 

324.5 

0.81 

16.53 

319.3 

0.96 

16.48 

277.7 

1.43 

16.36 

211.2 

1.88 

16.06 

134.5 

1.77 

16.71 

38.4 

29.33 

16.48 

276.7 

2.47 

16.48 

44.0 

3.03 

16.76 

351.4 

5.02 

10.51 

258.8 

3.21 

16.49 

3.56.0 

5.37 

16.52 

6.5 

0.90 

16.51 

336.0 

41.42 

16.51 

50.7 

2.11 

16.65 

,54.2 

1.88 

16.52 

41.3 

7.02 

10.60 

2C1.3 

1.80 

Mags. 


Nights 


5071 
5094 
5181 
5263 
5325 
5329 
5388 


5508 
5579 


5765 
5766 

6243 

0345 

0490 
652S 

0090 
0811 

0857 

0912 
0941 
7041 
7070 
7208 
7336 
7340 
7380 

7418 
747() 
7478 
7502 
7530 
7533 


7603 
7712 
7786 


2  1348  . . . 
2  1355  . . . 

|3  214  

/3  210  . 
fi  217  ... 
/3  218  .  .  .  . 
7  Lennis  .  . 
Espin  432 . 
Espin  1151 
Jov  736  . . 
A  1350  . 
X  1457  . 
^111  . .  . 
Jon  427  .■ 
Espin  181  . 
2  1530  .  . 

5  26  

Eapi?!  1401 
7  Virginif; . 
Jon  1014 
0  112    . 

li  237 

/?  114    

Espin  309 . 

/3  30    

/3  116    .    . 
Jon  439    . . 
0  225    

B  238  ... 

/3  220    

/3  118    

/3  239  .    .  .  . 

/3  228    

/3  121  . 

0  122    

13  2 10  . 

p  30    

fi  37    

/3  38    

0  39    

/3  40    .      . 
/?  120    

«  41    

li  42    .  .    .    . 
/?  123    


9  18.2 

9  21.0 

9  35.9 

9  51.3 

10     1.3 

10     1.7 

10  13.3 

10  19.0 

1 0  23.0 

10  24.0 

10  25.3 

10  32.5 

10  45.2 

10  57.5 

1 1  0.0 
11  17.0 
11  17.7 

11  28.1 

12  35.6 
12  47.0 
12  54.8 


13  21,0 
13  28.0 
13  38.5 

1 3  52.4 

14  13.0 
14  16.0 
14  18.8 


14  27.0 
14  32.1 
14  47.0 

14  51.0 

15  12.0 
15  32.3 
15  33.0 
15  39.5 

15  40.4 
15  55.2 
15  55.6 


1.0 
4.5 
5.0 


+  6  52 
+  6  46 
-17  .56 
-25  59 
-24  8 
-19  7 
+  20  27 
+33  14 
+44  52 
+  15  21 

-  1  49 
+   6  21 

-  8  28 
+  16  42 
+  36  22 
+  11  12 

-  9  46 
+  41  31 

-  0  47 
+  7  18 
+  19     1 

+  15  0 
-80 
+  32  10 
+  20  3 
-13  9 
+  1  13 
-19  26 

-  20  30 
-21  49 
-16  1 
-27  10 
-23  50 
-27  15 
- 1 9  23 
+  4  24 


16  17.4 
16  35.3 
16  47.5 


-24  58 
-24  15 
-24  41 
- 1 2  25 
-27  14 
-19    9 


+  6!  44 
+  29  15 
-21  51 


7.5 
7.5 
7.5 
6.2 
8.2 
8.5 
2,4 
9.5 
9.6 
10.2 
9.5 
•  7.6 
9.7 
9.9 
9.4 
4.6 
8.0 
10.3 
3.2 
9.2 
6.3 
9.6- 
8.3- 
7.9- 
9.4- 
8.3- 
8.1- 
9.4- 
6.8- 
7.5- 
8.5- 
8.2- 
8.9- 
6.1  - 
8.3- 
8.3  - 
7.6- 
8.5- 
8.5- 
6.1  - 
8.8- 
8.3- 
0.5  - 
8.5  ■ 
4.5- 
4.5- 
7.9- 
8.7  - 
9.5  - 
8.5- 


-  /./ 

-  7.7 
-11.2 
-11.6 

-  8.3 

-  8.9 

-  4.0 
10.1 

-  10.3 
-10.6 

-  io.,i 

-  8.7 

-  9.8 

■  10.5 
11.1 

■  7.8 
10.9 

•10.9 
3.4 

■  9.8 
9.0 

10.1 

10.8 

8.0 

9.7 

11.2 

8.5 

10.5 

7.4 

8.5 

11.1 

8.0 

10.0 

6.5 

9.0 

8.5 

7.9 

10.5 

11.8 

8.7 

10.3 

10.6 

10.9 

10.5 

6.5 

7.9 

9.1 

10.0 

10.0. 

9.1 


(11) 


(5) 


(12) 


(10) 


A  and  B 
B  nnd  C 


A  and  B 
B  and  C 


(ir> 
(i> 


(1) 


A  nnd  l< 
A  !ind  a 


A  and  B  . 
A  B  and  C 
C  and  D 

(1) 
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>|<  Niune 

a 

d 

l'JO(l  + 

0 

p 

Maps. 

Nights 

Rein  arks 

7791 

8  211 

h     m 

1(1  48.4 

-21  22 

1 6.58 

353.3 

0.78 

7.5  — 

7.5 

2 

7887 

ti  124    . 

17     4.0 

-    0  36 

17.26 

263.5 

O.SS 

7.6  — 

10.1 

4 

7951 

fi  127    . 

17  13.4 

-27  13 

16.46 

93.6 

5.10 

S.9  — 

10.1 

:< 

8090 

p  128    . 

17  19.4 

-26  14 

16.56 

322. 1 

3. 87 

S.O  — 

11.0 

3 

8014 

/3  129    . 

17  21.2 

-25  24 

17.20 

103.6 

0.97 

7.5  — 

8.2 

3 

8288 

fi47    .  . 

1 7  54.9 

-10  14 

10.92 

276.4 

1.11 

8.6  — 

10.9 

3 

8355 

/3  243 

IS    0.9 

-22  17 

17.51 
16.52 

121.4 

56.8 

0.(1! 
40.71 

8.8  — 
8.3  — 

9.7 
9.3 

1 

AB  iHid  r 

835C 

(3  244    . 

IS     1.0 

-27  53 

17.49 

257.6 

2.24 

8.2  — 

10.2 

2 

8371 

8  245    . 

18    2.4 

-30  45 

17.38 

354.0 

4.65 

6.3  - 

9.6 

5 

8414 

/3  131    . 

18    0.7 

-15  38 

16.54 

278.1 

2.72 

7.5  - 

10.5 

3 

.1  and  /; 

8488 

/3  48    . 

18  13.9 

-19  43 

17.36 

360. 1 

2.07 

8.2  — 

lO.S 

4 

8520 

^49 

18  17.0 

-19  38 

16.59 

40.9 

8.06 

8.3  — 

10.9 

4 

A  and  A'       .  . 

8549 
S(il7 
K710 

/3  133    , 
/3  247    . 
/3  50    .. 

IS  20.2 
IS  25.(1 
IS  31.2 

-2(1  42 
-    9  27 
+  39  29 

16.49 
16.58 
16.S3 

260.7 
1(58.3 
329.0 

1.29 

7.68 
73.81 

7.5  — 
8.3  - 

S.S  — 

7.8 
11.2 
10.3 

3 
■A 

A  and  C     . 

S801 

fiSl    .. 

IS   11.7 

+  39  34 

16.75 
16.75 

1S6.0 
297.2 

75.03 

6.49 

S.5  — 
10.7  — 

10.7 
11.5 

■> 

A  and  n 
A'andC       . 

91H) 

8  139    . 

19    7.2 

+ 1 6  :;9 

17.93 

261.4 

127.55 

7.9  — 

lO.I 

1 

('  and  I)  .  . 

9151 

8  140    . 

19  10.2 

-11  11 

16.58 
16.61 

321.4 
209.0 

39.42 
7.99 

7.6  — 
1C.6  — 

10.5 
11.5 

■1 

A  and  B  (1). 
/;  an. I  r  . 

9313 

fi  142 

19  21.5 

-12  23 

16.55 

348.1 

1 .55 

S.l  — 

8.2 

1 

9387 

ft  143 

19  20.6 

+  49  15 

16.72 

191.8 

1.S4 

8.4  — 

9.S 

;; 

9424 

|3  53    .. 

19  29.8 

+  11  11 

16.  SO 

250.9 

1.52 

S.S  — 

10.2 

3 

9507 

:;  2557 

19  34.8 

+  29  28 

10. 7t 
16.74 

104.3 
304.2 

11.36 
21.73 

,Q,2  

S.2  — 

9.S 
!  1 .5 

o 
2 

A  and  B  .  .  .  . 

A  and  (7  .  . 

9594 

/?55    .. 

19  40.5 

+  10  16 

15.83 

26.1 

4.29 

10.0  — 

10.0 

:>. 

A  ;ind  B      . 

9fi23 

ft  147    . 

19  42.3 

+  31  48 

16.74 

300.0 

8.80 

8.9  — 

10.5 

3 

9924 

/3  58    .. 

20     l.S 

+ 1 5  44 

15.77 

187.2 

9.20 

7.2  — 

10.3 

;; 

10047 

ft  59    .  . 

20  10.6 

+   4  45 

17. Si 

114.2 

8.39 

9.3- 

10.5 

;; 

10127 

^267    . 

20  35.4 

-   4  19 

Kl.SO 

239.5 

1.75 

9.(1  - 

9  7 

:', 

1053S 

^C6    .. 

20  43.0 

+  27     1 

1(1.81 

162.5 

I.IS 

8.3  - 

8.9 

3 

1 0588 

ft  155    . 

20  17.4 

+  50  58 

17.33 

27.0 

0.88 

7.3  — 

S.O 

2 

A  and  B 

10782 

ft-l    .. 

21     4.5 

+   9  39 

16.89 

275.7 

2.42 

4.5  — 

10.8 

3 

A  and  B 

16.S3 

6.4 

47.21 

4.7  — 

11.5 

4 

AB  and  C  (2) 

16.83 

152.5 

354.03 

4.7  — 

6.0 

4 

AB  iuu\  l>  (  n 

10808 

ft  159 

21     6.4 

+  17  12 

16.03 

189.4 

135.61 

6.3  — 

7.2 

5 

AB-AVj\C 

10824 

ft  IfiO 

21     7.8 

+  45  13 

16.75 
16.75 

154.6 
114.7 

57.44 
6.04 

7.7  — 
10.8  — 

10.8 
11.0 

A  and  B 
B  and  C     . 

10884 

ft  252 

21   13.0 

-27  49 

16.84 

272.7 

2.40 

8.4  — 

8.(1 

(1)     

11020 

ft7i    . 

21  25.2 

-    6    6 

15.87 
15.90 

318.8 
185.8 

35.66 
57.20 

3.0  — 

10.1 
11.3 

.4  and  />•  .  . 

A  and  ('..  . 

1105() 

ft  165 

21  27.9 

-    3  59 

1 5.82 

178.8 

5.31 

8.5  — 

10.5 

1107(1 
1I17S 

ft  10(1    . 
/3  274 

21  30.3 
21  36.4 

+  59  48 
+  38  56 

16.80 
16.76 

261.2 
178.3 

0.96 
3()3 

2 

3 

8.3  -■ 

11.2 

11(191 

ft  172    . 

22  17.9 

-    5  27 

17.82 
17.82 

341.8 
191.0 

55.58 
115.96 

6.5  — 
6.5  — 

11.6 
10.6 

3 
3 

AB  '.\n(\  r 
AB  and  /> 

17.82 

133.3 

132.43 

6.5  — 

9.8 

3 

AB  ■.uu\  K 

11738 

iS  173    . 

22  22.4 

+  56  35 

16.83 

232.0 

2.62 

8.3  — 

11.0 

3 

11832 

ft  175 

22  29  8 

+  74  24 

16.55 

315.8 

1.62 

10.1  — 

10.3 

3 
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>ie  Nanip 


1900  + 

e 

15.78 

97.6 

15.82 

.55.2 

15.82 

61.9 

15.91 

170.5 

15.84 

106.2 

17.84 

3.59.6 

17.84 

330.4 

17.84 

294.8 

15.79 

35.9 

15.88 

175.1 

16.80 

71.1 

16.55 

191.1 

Mags. 

Nights 

7.8—    7.8 

3 

7.2  —  10.8 

3 

7.2  —  10.9 

3 

7.5—    8.4 

3 

7.5  —  10.2 

3 

8.4  —  10.9 

3 

8.4  —    9.4 

3 

8.4—    9.7 

3 

7.0  —  11.7 

3 

7.0  — 1L6 

3 

8.4—    8.8 

3 

8.4  —  11.9 

3 

Remarks 


12012 
12176 


12177 
12290 


12308 
12316 
12655 


0  177 

(3  78 

l3  180 

;3  SO    . 

0  229 
,5  278 
jS  280 


h     m 

22  45.9 

23  2.2 


23    2.2 
23  12.8 


23  14.4 
23  15.3 
23  51.8 


-22  21 
+  .30  49 

+  60  11 

+   4  45 


+  56  35 
+  61  33 
+  56  43 


2.62 

18.77 

48.86 

0.81 

34.80 

105.72 

192.71 

206.07 

17.42 

12.93 

1.13 

8.37 


A  and  B  ..  . 
A  nndC  ..  .. 
A  and  B  (1)  . 
ABandC  .' 
AB  and  C  (1) 
AB  and  D  (2) 
AB  and  E.    . 


A  and  B 
A  and  C 


REMARKS 

( 1)  .'\ngle  may  bo  (io(>re:u<ing. 

(2)  Distance  apparently  increasing. 

(3)  Both  angle  and  distance  seem  to  he  increa.'^ing. 

(4)  Angle  fixed,  but  distance  decreasing. 

(5)  Angle  may  be  increa-sing. 

(6)  Binar}-.     Plane  of  orbit  nearly  edgewise  to  us. 

(7)  This  and  observations   on  other   wide  doubles   indicate  a 

systematic  tendency  of  observer  to  make  such  distances 
too  lai'ge. 


(10) 
til) 
(12) 


In  close  agi-eement  with  my  measures  in  1916. 

Burnham  said  thLs  "appears  to  be  a  most  interesting 
system."  The  micrometrical  measures  do  not  yet 
explain  it.     It  may  be  of  the  61  Cygni  class. 

This  if  certainly  a  binary. 

Angle  is  probably  increasing. 

Relative  motion  is  probably  rectilinear. 


University  of  Minnesota,  Minneapolis,  Minn. 
May  7, 193S. 


PARALLAXES  OF   FIFTY-NINE   STARS, 

DETERMINED   BY   PHOTOGRAPHY   W'lTH   THE    26-INCH    MCCORMICK    REFRACTOR, 

By  HAROLD  L.  ALDEN. 


Tliis  lisl  of  parallaxes  is  in  continuation  of  those 
puhlished  in  I  he  Astronomical  Journal  Nos.  778,  796, 
803,  and  SOS.  Some  changes  liave  been  made  in  the 
form  of  presenting  the  data  but  the  headings  of  the 
various  columns  are  self-explanatory.  An  asterisk 
following  the  catalog  proper-motion  indicates  that 
this  quantity  has  been  taken  from  Cincinnati  Publi- 
cations 18.  The  parallaxes  given  are  relative  to  the 
mean  parallax  of  the  comparison  stars  of  about  the 
tenth  magnitude,  the  reduction  to  absolute  parallax 
being  +0".005. 


The  list  contains  the  parallaxes  of  thirteen  stars 
brighter  than  magnitude  2.0  and  also  the  parallaxes 
of  faint  companions  of  two  of  them.  Because  of  the 
effective  elimination  of  magnitude  equation  by  the 
means  described  briefly  in  Popular  Astronomy  28, 
517,  1920  and  the  care  taken  in  securing  plates  under 
good  conditions,  these  parallaxes  probably  give,  for 
the  majority  of  the  first  magnitude  stars  in  the  list, 
the  most  reliable  trigonometrical  data  that  has  been 
iniblishod  up  to  the  present  time. 


No. 

Star 

1900 

Magnitude 

and 
Spretrum 

ftoper-motipn 

Relative 
Parallax 

Probable 
Error 

R.  A. 

Deel. 

T  tal 

Right  Ascension 

1 
o 

Bo.ss 

Observed 

443 

^  Cassiopeia' 

h     m 

0  31.4 

+53  21 

3.7  B3 

0.023 

+  0.021 

+  0.014 

-0.025 

±0.005 

444 

16  Perse  I 

2  44.2 

+  37  54 

4.3  FO 

0.214 

+   .186 

+    .170 

+    .016 

.010 

a 

445 

T  Persei    . 

2  47.2 

+  52  21 

4.1  GO 

0.008 

+   .005 

-    .024 

+    .015 

.007 

446 

Lalande  5761 

3    2.5 

+25  .59 

8.0  F2 

0.861 

-    .204* 

-    .177 

+   .010 

.007 

447 

5  Persei 

3  35.8 

+  47  28 

3.1  B5 

0.145 

+   .032 

+  .016 

+   .001 

.011 

a 

58 


T  HE    A  S  'I'  i;  ()  N  ()  IM  1  (•  A  1 ,    .1  (>  I  i  1!  N  A  T, 


N"    S23 


448 
449 
LIO 
*4r)l 
452 

45:^ 

454 
455 
456 

457 
458 
459 
460 
461 

462 
463 
464 
465 
466 

467 
468 
469 
470 

471 
472 
473 
474 

475 
476 
477 
478 
479 

480 
481 
482 
483 
484 

485 
486 

487 
488 


(  Pcr>'ci 
37  Tfuin 

It  Persei 

A.  G.  Berlin  1366 
/?.  D.  21%0S   ... 

SZ  Tauri 

7j  Anrigcr.    

o  Awigfc    

Compaviov     

Mean 
7  Orion  i- 

fi  Tauri    

Lalande  10299  .    . 

5  Orionis    

a  Orionis    

RT  Anrig(r    . 
23  //  Comelop  .  .  . 
y  Cleminorum  .  .  .  . 
X  Geminorum  .  .  .  . 
/3  Geminorum  .... 

Lalonde  17161  . . . 

12  Hydne 

Fedorenko  1384  Mr 
Fedorenho  1384  Ft. 
Mean 

e  Hydrce 

a  Lyncis 

a  Leonis 

Companion    

Mean 
p  Leonis 

S  Crateris 

5  Corvi 

Lalande  24774  .  .  . 
a  Vinjinis    

1?  Ursce  Majoris 

a  Boolis    

Boss  4188  ■...■.. 
a  Scorpii  ....'... 
f  Herculis  Br.  .  .  . 

i;  2173. 

a  Lyrw 

f '  Lyrw ;  . 

f ^  Lyree 

Mean 


3  51.1 

3  58.8 

4  7.6 
4  8.6 
4  S.9 

4  31.4 

4  59.5 

5  9.3 
5  10.0 

5  I9.S 
5  20.0 
5  23.5 
5  26.9 

5  49.8 

6  22.1 
6  29.2 

6  31.9 

7  12.3 

7  39.2 

8  38.6 
8  41.7 

8  46.0 
S  -1 0.0 

9  9.2 
9  15.0 

10  3.0 
10  2.9 

10  27.5 

11  14.3 

12  24.7 

13  16.1 
13  19.9 

13  13.6 

14  11.1 
1()  22.3 
16  23.3 

16  37.5 

17  25.2 

18  33.6 
18  41.3 
18  41.3 


Dpfl. 


4-39  43 
+  21  49 
+  48  9 
+  22  6 

+  22  2 

+  1S  20 
4  41  6 
+  45  .'■;4 
+45  44 

+  6  u; 

+  28  31 

-  3  34 

-  0  22 

+  7  23 

+  30  33 
+  79  40 
+  16  29 
+  16  43 
+  28  16 

+  42  3 
-13  11 
+  71  II 
+  71  11 

+  2  44 
+  34  49 

+  12  27 
+  12  29 

+  9  49 
-14  14 
-15  58 
+  43  38 
- 10  38 

+  49  49 
+  19  42 

-  7  22 
-26  13 
+  31  47 

-  0  59 
+  38  41 
+  37  30 
+  37  29 


.MaKi.Uu.l,. 

and 
Sppctnim 


Total 


Right  Ascension 


Boss 


3.0  Bl 

0.040 

4.5  KO 

0.113 

4.3  CO 

0.030 

9.1  .\8 

0.5-1 

9.1 

7.1  GO 

0.016 

3.3  R3 

0.081 

0.2  GO 

0.437 

10.5 

0.422 

1.7  B2 

0.020 

1.8  B8 

0.180 

8.6  KO 

0.841 

2.5  BO 

0.004 

0.9  Me 

0.029 

5.3  GO 

0.024 

5.(i  KS 

().C.20 

1.9  AO 

0.065 

3.6  A 2 

O.OOS 

1.2  KO 

0.625 

S.2  KO 

0.702 

4.4  G5 

0.03 1 

S.7  K6 

1.390 

9.1  K9 

1.390 

3.S  AO 

0.338 

3.3  K5 

0.2  k; 

1 .3  lis 

0.248 

7.6  G 

0.252 

3.8  BOp 

0.010 

3.8  KO 

0.230 

3.1  AO 

0.252 

8.2  KO 

0.438 

1.2  B2 

0.054 

1.9  B3 

0.119 

0.2  KO 

2.282 

5.4  Ma 

0.176 

1.2  Ma 

0.034 

3.0  GO 

0.604 

5.3  G5 

0.215 

0.1  AO 

0.316 

4.3  A3 

0.031 

5.9  A3 

0.022 

+  .027 

+  .093 

+  .013 

+  .445* 


+  .030 

+  .081 

+  .067 

-  .007 
-4-  .032 

-  .292'^ 
+  .002 
+  .028 

-  .006 

-  .073 
+  .045 

-  .048 

-  .622 

-  .269 
+  .025 
-1.343* 


+  .130 

-  .217 

-  .248 

-  .252* 

-  .008 

-  .124 

-  .208 

-  .430* 

-  .041 

-  .117 
-1.104 
+  .036 

-  .007 

-  .465 

-  .124 
+  .204 
+  .026 
+  .019 


Observed 


-  .009 
+  .074 

-  .008 
+  .424 

-  .004 

-  .OOO 
+  .029 
+  .099 
-j-  .062 

.000 

+  .025 

-  .286 
+  .014 
+  .030 

-  .006 

-  .050 
+  .047 


Relative 
Parallax 


IVobable 
Error 


-  .013 

+  .025 

+  .023 

-  .016 

-  .023 


- 

.033 

- 

..591 

_ 

.269 

+ 

.027 

- 

1.292 

- 

1 .329 

+ 

.161 

.- 

.219 

- 

.234 

- 

.250 

+ 

.020 

— 

.  1 34 

- 

.147 

- 

.110 

- 

.010 

_ 

.140 

- 

.078 

+ 

.047 

- 

.001 

- 

.461 

_ 

.124 

+ 

.222 

+ 

.001 

+ 

.016 

+ 


.010 
.012 
.078 
.063 
.069 
.024 
.030 
.064 
.006 
.013 


-  .002 

+  .042 

+  .028 

+  .031 

+  .107 


.045 
.005 
.083 
.075 
.077 
.020 
.007 
.059 
.066 
.063 
.026 
.001 
.007 
.024 
.009 


+  .001 

+  .076 

+  .012 

+  .025 

+  .115 

+  .030 

+  .131 

+  .012 

+  .038 

+  .021 
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No. 


1900 


Decl. 


Magnitude 

and 
Spectrum 


Proper-motion 


Total 


Right  Ascension 


Boss 


Observed 


Relative 
Parallax 


Probable 
Error 


-189 
490 
491 
492 
493 

494 
495 

49G 
497 

498 
499 
500 
501 


/3  Scuti 

12  Aquila;  . 
a  Vulpeculw 
0  Sagilta'  .  . 
5  Cjigni     .  .  . 


Wi  19''  1190 
Wi  19''  1196  .  .  . 
Mean 

Grooinhiidge  321 
a  Cycjni    


(iroumbrnhje  3263 

0  Cephei 

5  Cephei  

a  Laccrtcc    


IS  41.9 

18  56.3 

19  24.5 
19  36.6 
19  41.8 

19  49.2 

19  49.4 

20  29.3 
20  38.0 

20  38.2 

21  27.4 

22  25.5 
22  27.2 


-  4  51 

-  5  53 

+  24  28 
+  17  15 
+  44  53 

+  1  41 
+   1  41 

+  41  33 

+  44  55 

+60  9 
+  70  7 
+  57  54 
+  49  46 


4.5  GO 

4.2  KO 

4.6  Ma 

4.4  G8 
3.0  A 

8.5  KO 
8.8  KO 

7.0  KO 

1.3  A2 

6.0  F5 
3.3  Bl 

4.1  GO 
3.8  A 


0.025 
0.048 
0.170 
0.038 
0.065 

0.299 
0.29 

0.475 
0.001 

0.186 
0.012 
0.012 
0.141 


-  .010 

-  .031 

-  .127 
+  .001 
+  .053 

-  .013* 
.000* 

-  .161* 
.000 

+  .003 

+  .011 

+  .012 

+  .140 


-  .018 

-  .028 

-  .103 
+  .027 
+  .036 

+  .024 

+  .034 

-  .157 

-  .004 

+  .014 

+  .032 

+  .009 

+  .127 


+  .013 

+  .029 

-  .006 

-  .014 
+  .024 

+  .036 

+  .010 

+  .022 

+  .039 

+  .002 

+  .032 

+  .014 

+  .002 

+  .018 


.009 
.006 
.011 
.008 
.013 

.011 
.010 
.007 

.010 
.005 

.011 
.008 
.009 
.010 


((.     Poitly  mea.-ured  by  Mis.s  Mott. 
b.     Projjer-motiou  from  .1.  A^.  4715. 

eaiidcr  McCormick  Obscrviilurij,  Univcrsily,  Vinjinid. 
April  //,  19J.!. 


OBSERVATIONS  OF  BAADE'S  COMET, 

MADE    WITH    THE    10}'2-INCH   EQ0ATORI.\L   OF   THE    UNIVERSITY   OF   MINNESOTA, 

By  F.   p.   LEAVENWORTH. 


Date 

G. 

M.  T. 

Aa 

A6 

Comps. 

a  App. 

5 

App. 

log  pA 

* 

1922 

h 

m   s 

^ 

5 

, 

. 

h   m   s 

,/ 

Oct. 

21 

12 

53  43 

-0 

2.32 

—  3  5.5 

6  6 

19  57  51.38 

+  36 

19  52.2 

9.074 

0.143 

1 

Nov. 

15 

13 

4  48 

+  1 

19.70 

-2  44.7 

4  4 

20  50  32.50 

30 

1  46.2 

9.301 

0.402 

2 

16 

15 

52  15 

+  0 

24.80 

+  7  44.9 

6  6 

20  53  19.14 

29 

43  15.8 

9.650 

0.619 

3 

22 

13 

49  32 

+  0 

28.27 

+  1  12.7 

6  6 

21  8  8.20 

28 

7  24.8 

9.466 

0.501 

4 

24 

16 

6  29 

+1 

8.12 

-7  7.3 

4  4 

21  13  23.78 

27 

34  31.6 

9.651 

0.668 

5 

27 

15 

21  29 

+  0 

36.97 

-1  8.1 

7  8 

21  20  51.94 

26 

48  54.7 

9.618 

0.629 

6 

28 

12 

17  .57 

+  0 

13.23 

+  1  27.9 

5  6 

21  23  3.42 

26 

35  43.3 

9.146 

0.458 

7 

Dec. 

1 

13 

30  28 

-0 

18.21 

+  6  30.4 

6  6 

21  30  42.88 

25 

50  48.2 

9.443 

0.530 

8 

8 

13 

12  4 

-0 

8.92 

-6  9.8 

6  6 

21  48  9.84 

24 

13  36.2 

9.415 

0.549 

9 

8 

13 

48  46 

-0 

6.08 

-G  31.2 

4  4 

21  48  12.68 

24 

13  14.8 

9.500 

0.580 

9 

15 

13 

12  45 

-0 

5.61 

+8  33.5 

8  8 

22  5  26.06 

22 

44  59.1 

9.437 

0.584 

10 

19 

13 

15  49 

-0 

6.59 

-0  14.7 

4  4 

22  15  11.82 

21 

58  39.4 

9.458 

0.596 

11 

21 

13 

20  16 

-.0 

3.60 

-3  6.4 

6  6 

22  20  2.43 

21 

36  27.8 

9.472 

0.606 

12 

1923 

29 

13 

20  42 

+  0 

10.47 

-0  2.3 

()  6 

22  39  6.07 

20 

16  27.4 

9.495 

0.631 

13 

Jan. 

14 

13 

19  55 

+  0 

47.47 

-1  18.5 

5  6 

23  15  43.54 

18 

12  13.1 

9.533 

0.668 

14 

14 

13 

39  47 

-0 

24.60 

+4  34.9 

4  4 

23  15  45.17 

18 

12  15.3 

9.560 

0.689 

15 

21 

12 

51   1 

+  0 

1.37 

+2  20.5 

8  8 

23  31  2.66 

17 

31  51.2 

9.504 

0.665 

16 

60 
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Date 

G.  M.  T. 

Aa 

AS 

Comp.s. 

a  App. 

5  App. 

log  kA 

* 

1923 
.hill. 

24 

h       m      s 

13  30' 58 

H-O^lSJo 

-1   49.9 

3  3 

h       m       s 

23  37  33.60 

17    1()  40.5 

9.570 

0.691 

17 

24 

13  30  58 

+0     5.46 

2 

23  37  33.26 

9..570 

18 

Feb. 

4 

13  17     3 

-0  11.25 

+  1   43.0 

5  () 

0     0  36.60 

16  3!    17.6 

9.582 

0.713 

19 

4 

13  24  29 

+0  14.34 

-1    14.4 

5  6 

0     0  37.11 

16  31    -A. 7 

9..575 

0.710 

20 

0 

13  59  42 

+  0   12.89 

+  2     1.2 

4  4 

0   10  .50.07 

16   16   17.4 

9.617 

0.739 

21 

16 

13  48     4 

+  0     8.72 

+  0     3.2 

6  6 

0  24  45..-)() 

+  15  .58  30.0 

9.618 

0.740 

22 

Mean  Places  of  Comparison  Slars  for  1022.0  and   1923.0 


* 

a 

5 

Red.  to  App. 

Authority 

a 

5 

1 

19 

57  51.86 

+  36 

22  25.1 

+  L84 

+  32.6 

.1.  a 

Lund  8930 

2 

20 

49   10.85 

30 

3  58.9 

+  1.95 

+  32.0 

A.   (1 

Camb.  Eng.   11863 

3 

20 

.52  52.36 

29 

34  59.0 

+  1.98 

+  31.9 

A.  a 

Camh.   Emj.    11922 

4 

21 

7  37.89 

28 

5  40.4 

+  2.04 

+  31.7 

A.   <! 

Caiiih.   EiKj.    12224 

5 

21 

12   13.60 

27 

41     7.4 

+  2.06 

+  31.5 

A.  a 

Cun},.    Enij.    12296 

6 

21 

20  12.88 

26 

49  31.6 

+  2.09 

+  31.2 

A.  a 

Camh.   Enij.    12447 

7 

21 

22  48.10 

26 

33  44.3 

+  2.09 

+  31.1 

A.  a 

l\ind,.   Entj.    12492 

8 

21 

30  .58.97 

25 

43  47.1 

+  2.12 

+  30.7 

A.  a 

Cainh.  Eng.    12656 

9 

21 

48   16.56 

24 

19  15.9 

+  2.20 

+  30.1 

Paris 

I'h.    +24°  21''  44" 

No.  274 

10 

22 

5  29.43 

22 

35  ,56.6 

+  2.24 

+  29.0 

A.  a 

Berlin  B  8538 

11 

22 

15   16.11 

21 

58  25.5 

+  2.30 

+2S.(; 

I'ari, 

Bh.    +22°  122''    16"^ 

No.  495 

12 

22 

20     3.71 

21 

39     6.0 

+  2.32 

+  28.2 

I'nns 

/••/(.    +22°  22''    16'" 

No.  699 

13 

22 

38  .53.24 

20 

16     3.0 

+  2.36 

+  26.7 

A.  a 

Berlin   A    92S6 

14 

23 

14  56.59 

18 

13  27.2 

-0..52 

+   4.4 

A.  <; 

Berlin  A   9527 

15 

23 

16   10.28 

18 

7  36.0 

-0.51 

+   4.4 

Hani. 

/'//.    +17°  23''    16- 

No.     33 

16 

23 

31      1.80 

17 

29  27.9 

-0.51 

+   2.8 

Hard. 

Ph.    +17     23     32 

No.    30 

17 

23 

37    18.97 

17 

18  28.2 

-0..52 

+   2.2 

Hord. 

/'//.    +17     23     32 

No.  107 

IS 
19 

23 
0 

37  28.32 
0  48.36 

-0.52 
-0.51 

+  0.1     • 

Bord. 
Hord. 

Ph.    +17    23    32 
Ph.    +l(i       0       0 

No.  110 
No.    38 

16 

30     4.5 

20 

0 

0  23.28 

16 

33     6.0 

-0.51 

+   0.1 

Bord. 

/'/(.    +1<)      0       0 

No.    33 

21 

0 

10  37.70 

16 

14   17.1 

-0.52 

-    0.9 

Bord. 

Ph.    +16      0       8 

No.    49 

22 

0 

24  37.29 

15 

58  28.8 

-0.51 

-   2.0 

Bord. 

Ph.   +16      0    24 

No.  166 

NoTE.s:  The  second  mea.siire  of  Dec.  8  was  iiiadr  liy  K.  ('.  .Iohnson.  Nov.  24:  Definition  bad.  Dec.  15; 
very  faint,  thru  haze.  Dec.  19:  clouds  sto|)[)ed  the  observation.  Dec.  29:  very  faint  in  nioonli{;id.  .Ian.  18: 
very  faint  and  fhfficult.      I*>b.  9:     very  faint  in  haze.     Feb.  16:     very  faint. 

MinntapoUs,  May  10,  1923. 
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TRIGONOMETRIC  PARALLAX  OF  THE  PLEIADES, 

DETERMINED   BY   PHOTOGRAPHY   WITH    THE   26-INCH    MCCORMICK   REFRACTOR, 

By  HAROLD   L.   .ALDEN. 


The  Pleiades  have  undoubtedly  received  more  atten- 
tion from  astronomers  than  any  similar  group  of  stars 
in  the  sky.  This  open  cluster  of  fairly  bright  stars  has 
served  as  the  proving  ground  for  numerous  new  devel- 
opments in  research  methods,  particularly  in  photo- 
graphic astronomy.  The  magnitudes  of  the  stars, 
visual,  photovisual  and  photographic,  have  been  repeat- 
edly measured.  The  spectra  and  motions  of  the 
brighter  stars  are  well  known.  The  work  of  van 
IMaanen'  and  Trumpler-  in  recent  j-ears  has  extended 
our  knowledge  of  the  motions  to  fainter  stars  and 
enabled  us  to  differentiate  between  those  whicli 
actually  l)elong  to  the  cluster  and  those  which  are  only 
optically  part  of  the  group. 

The  distance  of  the  cluster  has  been  derived  from 
various  theoretical  considerations,  but  at  the  time  the 
present  investigation  was  begun  there  had  been  pub- 
lished but  one  directly  determined  parallax  for  any  of 
the  stars  known  to  share  the  motion  of  the  group. 
Smith  with  the  Yale  Heliometer  measured  the  paral- 
lax of  an  eighth  magnitude  star,  obtaining  the  value 
-  0".032  ±  0".014.  Thus  it  seemed  worth  while  to 
make  a  direct  determination  of  the  paralla.x  of  the 
cluster  by  means  of  photography  with  a  telescope  of 
long  focus. 

The  following  results  are  ba.sed  on  the  measurement 
of  forty-eight  plates  taken  with  the  2t)-inch  McCor- 
mick  refractor.  These  plates  are  divided  into  three 
series.  The  first  series  was  centered  near  Alcyone  and 
contains  twenty  plates  distributed  over  six  seasons. 
The  other  two  series  were  centered  near  Alios  and 
Electra  respectively,  and  each  contained  fourteen  plates 
taken  in  five  seasons. 

The  rotating  sector  was  used  to  reduce  tiie  liglil 
of  the  brighter  stars  and  in  addition  a  small  neutral- 
tinted  gelatin  screen  absorbing  two  stellar  magnitudes 
was  placed  between  tii(>  piiotogra])liic  [)latc  antl  tiie 
visual-luminosity  filter  in  tiie  plate  hokler  to  give  added 


local  diminution  of  brightness.  A  similar  screen  of 
greater  density  has  been  successfully  used  here  in 
connection  with  the  rotating  sector  for  photographing 
the  first  magnitude  stars.  As  far  as  can  be  detected 
there  is  no  distortion  of  the  image  introduced  by  the 
use  of  such  a  screen. 

The  plates  were  measured  on  the  Gaertner  screw 
machine  now  used  for  most  of  the  parallax  investigations 
of  this  Observatory.  Care  was  taken  to  place  the 
plates  in  the  machine  so  that  the  measures  on  a  given 
star  were  made  in  the  same  part  of  the  screw  for  all 
plates,  thus  eliminating  the  effect  of  progressive  errors 
of  the  screw.  The  plates  were  measured  in  both  the 
direct  and  reversed  positions  in  the  machine. 

Dr.  Trumpler  very  kindly  furnished,  in  advance  of 
publication,  information  regarding  the  motions  of  the 
stars  to  be  found  on  the  plates.  This  data  permitted 
the  selection  of  a  representative  list  of  cluster  stars  to  be 
measured  for  parallax  and  non-cluster  stars  of  small 
proper-motion  for  comparison  stars.  Eight  comparison 
stars  were  used  in  each  of  the  first  two  series  of  plates 
and  nine  in  the  third.  The  mean  visual  magnitudes 
of  the  comparison  stars  for  the  three  series  were  respect- 
tively  10.46,  10.44  and  10.44.  These  magnitudes,  as 
well  as  those  in  Table  I,  are  taken  from  Gr.\ff's  Plioto- 
metriiiche  Durchmuslerutuj  der  Plejaden,'  reduced  to 
the   Harvard  system   by   sul)tracting  0.30   magnitude. 

The  stars  measured  for  parallax  numbered  twenty-five, 
of  which  seven  were  on  the  first  set  of  plates,  eight  on 
the  second  and  ten  on  the  third.  Of  this  number,  two 
stars,  originally  thought  to  be  members  of  the  cluster, 
were  later  rejected  by  Trumpler  since  their  motions 
were  found  to  differ  Ijy  more  than  2". 5  per  centuiy  from 
the  mean  m»tion  of  the  grouj).  These  stars  are  included 
in  Table  I  but  are  omitled  from  all  later  discussion. 
They  arc  Nos.  516  and  520.  One  star  was  measured 
on  two  overlapping  series  of  plates.  Both  values  are 
given  in  the  table  as  well  as  the  weighted  mean. 
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TABLE   I  —  Relative  Parallaxes 


•  No. 

Star 

1(100 

Miiuniturlc 

and 
.Spectrum 

Relative  Parallax 

and 

Probable  Error 

Serie.s 

Number 

of 
Plates 

1!      \ 

1.,.,.] 

502 

-4  Jaione 

h           m 

3     41.5 

+  23  48 

3.0   B5p 

+  0.003    ±0.011 

20 

503 

A  Ihs 

43.2 

+23  45 

3.8  B8 

-0.030          .013 

JI 

13 

504 

Eledra 

38.9 

+23  48 

3.9  B57J 

+  0.016          .009 

III 

14 

505 

Pleione 

43.2 

+  23  50 

5.1    B87J 

-0.016         .009 

11 

14 

506 

Celaeno 

38.0 

+  23  58 

5.5   B5 

+  0.008         .006 

III 

14 

507 

217 

41.5 

+  23  36 

7.3  B9 

-0.003         .012 

20 

508 

209 

41.4 

+  23  50 

8.2  AO 

+  0.040         .011 

20 

509 

202 

41.3 

+  23  49 

8.7  (;o 

+  0.027          .008 

20 

510 

307 

■12.6 

+  23  52 

9.1  ES 

+  0.011          .008 
+  0.027         .009 
+  0.018          .006 

11 
Mean 

20 
14 

511 

275 

42.2 

+  23  50 

9.2  (iO 

+  0.042         .007 

II 

14 

512 

169 

40.7 

+  23  48 

9.1    F8 

0.000          012 

III 

14 

513 

196 

41.2 

+  23  58 

9.1    F8 

+  0.029         .009 

20 

514 

109 

39.7 

+  23  59 

9.1 

+  0.004          .008 

HI 

13 

515 

296 

42.5 

+  23  48 

9.9 

-0.003         .010 

11 

14 

516 

32 

38.2 

+  23  56 

10.1 

-0.012         .009 

III 

14 

517 

69 

39.0 

+  24     7 

10.2 

-0.003         .008 

III 

14 

518 

28() 

42.3 

+  23  35 

10.2 

+  0.005         .010 

11 

14 

519 

216 

41.5 

+  23  36 

10.4 

+  0.013         .009 

19 

520 

41 

38.3 

+  23  57 

10.5 

-0.019         .011 

III 

14 

521 

328 

42.9 

+  23  58 

lO.S 

+  0.010         .019 

II 

14 

522 

110 

39.7 

+  24     7 

11.1 

+  0.005         .010 

111 

14 

523 

15 

37.9 

+  23  .-)6 

1  1.1 

-0.012         .015 

111 

14 

524 

28 

38. 1 

+  23  58 

1  1.3 

-0.014          .014 

111 

14 

525 

392 

13.6 

+  23  59 

11.1 

-0.035          .008 

11 

13 

Talile  I  contain.s  t.he  rosult.s  for  llio  individual  stars 
arranged  in  Uie  order  of  lirightness.  The  numbers 
given  in  the  first  column  are  in  continuation  of  the 
serial  iiumbers  of  the  published  i)arallaxcs  of  the  Mc- 
Corniick  OKservatory.  The  .second  column  contains 
the  names  of  the  naked  eye  stars  and  tiie  Wolf  numbers 
of  tho.se  fainter  than  the  sixth  magnitude.  The  spectra 
are  taken  from  the  Draper  CaUiloy.  Tiie  last  two 
columns  contain  the  series  number  and  tin-  number  of 
plates  on  which  the  least  scjuare  solution  of  the  parallax 
was  based. 

Omitting  Xos.  511)  and  520  for  the  rea.son  ^2;iven 
above,  there  remain  twenty-three  jjarallaxes  of  twenty- 
two  memliers  of  the  cluster  ranging  in  brightness  from 
magnitudes  3.0  to  11.4.  Assuming  that  all  of  these 
stars  are  bona  fitle  members  of  the  cluster  and  that 
there  is  no  measurable  dis[)ersion  in  the  parallaxes  of 
the  individual  members  of  the  group,  we  have  twenty- 
three  determinations  of  the  parallax  of  the  cluster  it- 
.self.  Of  these,  fourteen  arc  positive,  one  zero,  and 
eight    negative.     Tlic   range    is  disappointingly  large, 


from   +()".042  In   -0".()35,  but   values  of  this  size   an 
to   he  expected   if   I  lie   p;irnlhixes  are   disl  rilmled    witl 
respect    to    I  lie    mean    according   to   the   law   of   errors 
Assuming  lliat  the  parallaxes  are  all  of  equal  wciglil.  Il 
arithmetical  mean  is  +0".0054  ±0".0028.     The  prol 
able  error  of  a  single  jjarallax  determination  is  riiiiiid  I 
be    =tO".0134.      Table    11    gives   a    comparison    belwee 
the  obser\'ed  I'esiduals  IVdiii  I  he  mean  and  I  liose  e\|)ecte 

TABLK    II 
DisTHiBUTioN  OF   Residuals 


Limits  of  residuals 


Number  of  residuals 
Expected  from'  theory     Observed 


±0.0000  to   ±0.0067 

6.1 

8 

±    .0067  to  ±    .0134 

5.4 

5 

±    .0134  to  ±    .0201 

4.3 

2 

±    .0201  to  ±    .0268 

3.1 

4 

±    .0268  to  ±    .0402 

3.1 

3 

>  0.0402 

1.0 

1 
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from  a  strictly  Gaussian  distribution.  The  agreement 
is  as  good  as  could  be  expected  from  such  a  limited  num- 
ber of  observations.  Ten  residuals  arc  positive,  two 
zero  and  eleven  negative. 

But  the  parallaxes  measured  are  not  all  of  the  same 
degree  of  accuracy;  therefore,  three  additional  methods 
of  weighting  have  been  employeil  to  derive  the  most 
probable  parallax  of  the  cluster.  The  weighted  mean 
jmrallax,  where  the  weights  have  been  assigned  on  the 
basis  of  the  computed  probable  errors  of  the  individual 
parallaxes,  is  +0".0078  ±0".0028.  The  probable  error 
of  the  mean  is  computed  from  the  residuals  and  the 
assigned  weights,  and  not  from  the  probable  errors  of 
the  separate  parallaxes. 

Since  the  parallaxes  derived  from  a  given  series  of 
plates  are  not  altogether  independent,  the  weighted 
means  were  derived  for  each  series  separately  on  the 
basis  of  probable  error.  Equal  weight  was  then  given 
to  each  series.  Thus  the  seven  stars  in  the  first  series 
measured  on  twenty  plates  were  given  equal  weight 
with  the  eight  stars  in  each  of  the  other  series  which 
depend  on  a  smaller  number  of  plates.  The  means 
are: 


Series  Weighted  mean  parallax 

I  -|-0".017!» 

II  +0   .0031 

III  +0   .003!) 

Mean  +0".0083  =t0".0038 


As  is  well  known,  guiding  error  is  dependent  upon  the 
difference  in  brightness  between  the  parallax  and  com- 
parison stars.  Considering  the  wide  range  in  magni- 
tude of  the  stars  measiu-ed,  it  seemed  wise  to  assign 
weights  based  on  this  difference  in  brightness.  The 
magnitudes  of  the  parallax  stars  on  the  plate  as  reduced 
by  the  rotating  .sector  or  screen,  if  any,  were  used  for 
this  purpose.     The  weights  assigned  were  as  follows: 


Difference  in  magnitude 

0.00  to  1.00 
1 .00        2.00 
>2.() 


Weight 

1.0 

0.7 
0.5 


Th(>  weighted  mean  derived  with  this  system  of  weights 
gives  for  the  parallax  of  the  cluster  -t-0".0035  ±0".0027, 
the  probable  error  of  a  parallax  of  unit   weight   lieing 
±0".O120. 
This  method  in  effect  gives  more  weight  to  the  fainter 


stars  measured,  since  the  number  of  bright  stars  reduced 
by  the  rotating  sector  is  small.  The  smaller  value  of 
the  mean  parallax  obtained  in  this  way  suggests  a  pos- 
sible dependence  of  parallax  on  magnitude.  In  order 
to  test  this,  the  weighted  mean  parallax  was  formed  for 
all  stars  brighter  than  magnitude  9.0  and  for  those 
fainter.  Eight  stars  which  have  a  mean  visual  magni- 
tude of  5.7^ivc  a  weighted  mean  parallax  of  -|-0".0081. 
while  fourteen  stars  of  mean  magnitude  10.2  give  the 
value  -|-0".0077.  Thus  there  is  no  well  defined  cliangi! 
in  parallax  with  magnitude. 

The  mean  parallaxes  obtained  by  the  four  ni(>thods 
of  combining  the  data  are  collected  in  Table  III. 


Basis  of  weights 

Equal 

Probable  errors 
Series  equal 


TABLE    III 


Mean  relative  parallax     Pi-obable  error 


+  0".0054 
+  0   .0078 
+0   .0085 
Difference  in  brightness         +0   .0035 


±0".0028 
±0  .0028 
±0  .0038 
±0  .0027 


Unweighted  Mean 


-|-0".0062 


The  probable  error  of  the  mean  is  of  approximately  the 
same  size  as  that  attaching  to  any  one  of  the  above 
values,  nameh'  about  =fc0".003. 

This  parallax  is  relative  to  the  mean  parallax  of  the 
comjiarison  stars  of  magnitude  10.45.  To  reduce  to 
absolute  parallax,  the  mean  parallax  of  the  comparison 
stars  must  be  added  to  the  relative  value  obtained 
above.  Stromberg^  has  shown  that  the  most  prob- 
able correction  to  the  McCormick  relative  parallaxes 
to  reduce  them  to  the  system  on  which  the  spectro- 
scopic parallaxes  of  Ad.\ms  and  his  associates  are  based 
is  -|-0".0053.  This  value,  however,  is  for  comparison 
stars  on  the  average  three  quarters  of  a  magnitude 
brighter  than  those  employed  in  the  present  investi- 
gation. Assuming  that  the  difference  in  brightness  is 
due  solely  to  difference  in  distance,  the  correction  to 
absolute  parallax  for  the  comparison  stars  here  used  is 
-|-0".00;^7.  According  to  van  Rhijn*  this  parallax 
corresponds  to  that  of  stars  of  mean  magnitude  10.5 
having  a  mean  annual  proper-motion  of  0".025.  .\pply- 
ing  this  correction  to  the  mean  relative  parallax  of  the 
cluster  we  obtain: 

Absolute  P.'Vh.\ll.\x  ok  the  Pleindes   -FC'.OIO 

The  probable  error  of  this  result  is  of  the  order  of  thirty 
per  <'(>nt  of  its  value. 

A    comparison    with     other     values     is     interesting. 
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MiMitioii  li:is  alroaily  heoii  inadi'  of  tlip  Yalo  rosult. 
While  this  iiivcsligalion  was  in  jiroffi-pss,  Pitman" 
roiiorlod  at  tlio  Iwoiity-sixlh  incotiiif!;  of  Mio  American 
Astriiiiomical  Society  on  tlie  parallaxes  of  four  stars  in 
the  I'lcidih's  (ielerniined  l>y  pholojtrapliy  at  the  Sjjroul 
Ohservatory.  He  found  for  the  clusttT  a  relative 
parallax  of  -)-()". 017  ±0".002.  Two  of  his. stars  are 
contained  in  this  list.  They  are  Nos.  509  and  512. 
For  these  stars  Pitman  finds  a  mean  parallax  of 
+  0".014,  the  mean  of  the  McCormick  parallaxes  hein"; 
+  0".01S.     'J'h(>  ajEcreement  is  very  satisfactory. 

Theoretical  parallaxes  of  the  Pleiades  vary  somewhat 
according  to  tiie  hypotheses  on  which  they  are  basetl. 
In  his  'Kesearch  on  Moving  Chisterft',  Rasmuson' 
ha.s  given  a  very  complete  discussion  of  all  results 
availal>le  at  that  time.  The  mean  parallax  based  on 
jiroper  motion  and  parallactic  motion  data  as  found  by 
Hartmann,  Havn,  Kaptkvn,  Hkrtzsprung  and  others 
is  +0".014.  From  the  luminosity  law,  van  Schoutkn 
finds  a  larger  value,  namely  +0".036.  From  the 
relation  between  spectral  type  and  absolute  magnitude. 
Pickering,  Hkrtzspkung,  DoiG,*TRUMPLERand  others 
find  the  mean  parallax  +0".006.  The  hypothetical 
parallax  derived  by  Trumpler  from  the  ob.served  orbit;ii 
motion  of  double  stars  behuiging  to  the  cluster  is 
+0".010. 

Combing  the  Sproul  and  McCormick  values,  the 
most  i)robable  parallax  of  the  Phiddes  from  direct 
photographic  determinations  is  +0".0r2.  A  correc- 
tion of  +0".005  was  applied  to  the  Sproul  results  for 
reduction  to  absolute  parallax.  This  parallax  corre- 
sponds to  a  distance  of  270  light-years.  The  diameter 
of  the  cluster  is  then  of  the  order  of  thirty  light-years 
and  the  star  density  is  somewhat  greater  than  that 
found  by  Trumpler.  Alycone  has  an  absolute  magni- 
tude of  —1.6.  The  mean  absolute  magnitude  of  six 
stars  of  spectral  type  B5  is  —0.4  and  of  sixteen  stars  of 
types  B8  and  B9  is  -M.6. 

A  solution  w-as  made  for  the  apex  of  motion  of  the 
Pleiades  using  this  value  for  the  parallax.  The  radial 
velocity  was  taken  as  9  kilometers  per  second  after 
correcting  for  the  K  term.  The  mean  proper  motion 
of  all  the  Pleiades  stars  contained  in  Bess'  PreUminarij 
General  Cataloij  provides  the  liest  data  on  which  to  base 
such  a  fletermination.  Kapteyn'  has  suggested  the 
probability  of  a  systematic  correction  to  the  proper 
motions  in  declination  of  the  P.  G.  C.  and  derived  a 
value  for  that  correction  of  -|-0".0i:i0  cos  D.  The 
writer  has  made  a  preliminary  determination  of  this 
correction"'  and  finds  for  the  coefficient  -|-0".0075 
=tO".0025.  Recently  van  Rhun  and  van  de  Kamp" 
have  published  the  value  +O".0OG4  =tO".0O13. 
The  mean  of  these  three  determinations  is  -|-0".009  cos 


D.  The  mean  proper  motion  of  twelve  Pleiades  stars 
in  right  ascension  is  -|-0".02:{  and  the  corrected  motion 
in  declination  — 0".04:>.  Willi  this  data  the  Pleiades 
are  found  to  be  moving  w  il  li  a  \  riocity  of  21.2  kilometers 
per  second  toward  the  point  whose  right  ascension  is 
8()°.5  and  declination  —33°. 9.  This  is  onlv  six  degrees 
from  the  solar  antapex  computed  from  stars  of  later 
type'"  antl  still  nearer  to  the  position  frequetitly 
adopted  at  right  ascension  90°  and  declination  —30°. 
The  velocity  is  practicall.y  that  fouiul  for  the  Sun's 
motion  in  space.  If  the  Sun's  motion  is  eliminated, 
the  Pleiades  are  nearly  stationary  with  respect  to  the 
ceiitroid  of  stars  on  wliii'h  the  solar  motion  is  based. 


SUM  MAP.  V 

Parallaxes  have  been  derived  from  plii)togra])hs 
taken  with  the  McCormick  refractor  for  twenty-two 
stars  which  arc  members  of  the  Pleiades  cluster,  one 
star    having    licen    <ilisrr\('(l    on    two    series   of    plates. 

T\]i'  most  proljable  relati\i'  parallax  of  the  cluster 
from  (his  data  is  found  to  be  -|-()".0()(i2  with  a  probable 
c  iror  of  the  order  of   ±0".003. 

1'he  absolute  parallax  of  the  Pleiades,  after  allowing 
for  the  |)aralla\  of  the  com|)arison  stars,  is  -|-0".010. 
Combined  with  the  parallaxes  of  four  stars  determined 
photographii  ali\  at  the  Sproul  Observatory,  the  abso- 
lute parallax  is   +()".()  12. 

The  motion  of  the  Pleiades  is  computed  to  be  very 
nearly  in  the  direction  of  the  solar  antapex  with  a  velo- 
city closely  approximating  the  Sun's  velocity.  The 
cluster  is  therefore  relatively  fixed  in  space. 

Leander  McComtick  Observatory,  Unii'ersity,  Virginia, 
May  14,  19HS. 
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OCCULTATION  OF  ALDEBARAN, 

By   S.   a.    MITCHELL   and   HAROLD   L.    ALDEN. 


The  occult  at  ion  of  AJdebnran  )jy  the  Moon  was  ob- 
served at  the  McCormick  Observatory  in  full  daylight 
on  the  10th  of  April  under  excellent  conditions  of  seeing 
and  transparency.  Mitchell  observed  with  the 
26-inch  refractor  and  Alden  with  the  5-inch  finder' 
attached  to  the  larger  instrument.  The  chronometer 
used  was  rated  by  means  of  wireless  signals  from 
Arlington  at  noon  on  April  19  and  21.  The  observed 
times  are  as  follows: 


Observer  Greenwipli  Mean  Time 

Immersion  I'^moision 

Mitchell     1923  April  19-^  10"  20"^  1^7     11'-  30"'  52\7 
Alden  20     1  .7  30     52  .2 


Leander  McCormick  Observatory,  Unirersity,  Virginia, 
May  l.'f,  1933. 


OBSERVATIONS  DE   LA  LUNE  ET   PLANETES, 

FAITES    \    LA    LUNETTE    M^RIDIENNE   DE    l'oBSERVATOIRE    DE    BESANCON, 

Par  M.  LOUIS  PERROT. 


Lune 


Cor. 

Cor. 

Dates 

Tm  Besancon 

Bord. 

AR  Apparente 

d'ephem. 
C.  d.  T. 

Bord. 

'DP  Apparente 

d'ephem. 
C.  d.  T. 

h        m       s 

ll        ni        s 

^ 

c 

1921     Fevrier 

15 

5  55  28.48 

Icr 

3  36   10.64 

+  1/24 

72  59  57.3 

-    4.1 

16 

6  51    10.93 

4  35  58.79 

4-1.32 

71    19  29.8 

-    3.1 

17 

7  49  24.41 

5  38  18.38 

+  1.39 

70  51     0.8 

-    0.6 

18 

8  49     7.72 

6  42     8.06. 

+  1.60 

71  43   12.7 

+    1.8 

19 

9  49     0.76 

7  46     7.49 

+  1.23 

73  56  26.4 

+    1.8 

21 

11   44  54.42 

9  50  13.30 

+  1.18 

81  39  31.1 

+   3.0 

22 

12  39  55.85 

2e   . 

10  49  20.32 

+  1.21 

86  28  32.9 

+   4.2 

23 

13  33     7.51 

11  46  37.27 

+  0.96 

91  24  50.8 

+   4.4 

24 

14  24  54.48 

12  42  29.29 

+  0.91 

96     7  33.8 

+   6.4 

Mars 

19 

8  34  42.97 

ler 

8  22     0.96 

+  1.32 

s 

75  52  20.2 

+   0.6 

21 

10  25     3.49 

10  20  32.71 

+  1.29 

s 

84     6  41.S 

+   4.2 

22 

11    18   12.47 

11    17  46.97 

-0.27 

s 

88  54  53.6 

+   6.0 

23 

12   10  26.61 

12   14     6.24 

+0.64 
+  0.86 

Juin 

17 

10     0  54.08 

lor 

15  43   16.10 

s 

106  58  45.4 

+  3.3 

Juillet 

16 

9  37  24.27 

ler 

17   14     2.58 

+  0.94 

s 

108  50  31.3 

-    1.0 

19 

12     1    11.61 

19  50     3.21 

+  0.78 

s 

105  58  21.5 

-    0.5 

1921     Noveiabi 

e  11 

12     9  29.96 

2o 

3  47  32.76 

+  0.79 

I 

73  29  53.0 

-12.5 

1922     Fevrier 

9 

10     7     2. 

ler 

s 

73     2  40.8 

-11.3 

11 

12     5  41.91 

9  30  41.03 

+  0.15 

I 

79   17  51.9 

-17.4 

Mai 

s 

9  55  41.16 

12  59  22.45 

+  0.09 

s 

95  35  34.0 

-23.5 

9 

10  49  57.9J 

13  57  44.70 

-0.02 

s 

99  53  57.5 

-20.1 

Juillet 

7 

11     2  53.25 

18     3   18.96 

+  0.23 

8 

108  25  41.6 

-   5.5 

66 


T  II  E    A  S  T  R  O  N  O  M  I  C  A 


.1  (•  r  I!  N  A 


N"-  824 


CoiT. 

C'orr. 
(I'ophem. 
C.  d.  T. 

Diametre             | 

nntiw 

Tm  Besancon 

AR 

Apparentc 

cl'ephpm. 
C  d.  T. 

DP  Apparepto 

Horizontal  ] 

Vertical 

Mo  IS 

1".V2'2 

l>       ni      8 

1 

in       s 

, 

„ 

,, 

3 

,, 

•liiin 

10 

11     7  29.10 

k; 

56  5 7.. 54 

-0.20 

iiC)    r.  14.0 

+  6.0 

1.79 

25.6 

20 

11     2  10.61 

55  34.73 

-0.09 

6  42.3 

+  1.6 

1.78 

25.2 

.hiillct 

■A 

9  56  33.35 

41  ■  1.93 

-0.17 

7  20.0 

+  5.1 

1.73 

14.3 

7 

9  37  35.85 

37  47.54 

-0.17 

6  34.3 

+  4.3 

1.65 

19.4 

20 

8  44  46.37 

16 

36     4.62 

-0.26 

116     7  34.4 

+  1.5 

1.54 

17.5 

1921 

./ 

up  iter 

Fevrier 

23 

12  54    .9.65 

11 

7  33.01 

+  0.06 

82  49  41.1 

-0.8 

3.02 

44.5 

24 

49  45.78 

7     4.96 

+  0.08 

46  39.0 

+  0.2 

3.05 

44.7 

25 

45  21.63 

6  36.65 

+  0.04 

43  34.7 

-0.5 

3.10 

44.9 

28 

12  32    .8.48 

11 

5  10.99 

+  0.09 

34  21.8 

+0.4 

3.07 

43.9 

Mars 

17 

11    17   12.26 

10 

.57     3.84 

+  0.06 

81  43  26.5 

-0.2 

3.09 

43.1 

19 

11     8  26.10 

56     9.34 

+  0.06 

37  52.7 

-2.1 

3.10 

44.4 

21 

10  59  41.16 

55  16.07 

+  0.15 

32  30.5 

-1.3 

3.05 

43.6 

22 

55  19.03 

54  49.77 

+  0.06 

29  53.6 

-0.4 

3.05 

43.8 

23 

50  57.53 

54  24.01 

+  0.19 

27  19.2 

+  0.5 

3.00 

24 

46  36.03 

.53  58.44 

+  0.12 

24  45.7 

-0.3 

3.13 

44.2 

31 

10   16    17.7(1 

10 

51    11.00 

+  0.13 

SI      S    18.2 

-0.3 

3.01 

42.1 

Avril 

2 

10     7  42.19 

10 

.50  27.18 

+  0.09 

SI     4     4.7 

-0.1 

3.01 

43.2 

5 

9  54  52.90 

49  25.44 

+  0.23 

SO  5S   10.0 

-0.3 

3.18 

42.1 

9 

9  37  54.48 

48  10.15 

+  0.11 

51    10.1 

+  1.1 

2.95 

42.4 

11 

9  29  28.87 

47  36..55 

+  0.15 

48      1.4 

0.0 

2.92 

41.9 

16 

9   .8  35.37 

10 

46  22.38 

+  0.08 

SO  41    21.8 

-  0. 1 

2.94 

43.2 

1922 

Avril 

14 

11   19  h\.\):i 

12 

49     9.76 

+  0.12 

93  32  49.6 

-0.5 

3.15 

47.5 

27 

10  23   11.14 

43  34.85 

-  0.07 

92  59     2.9 

+  0.2 

2.93 

43.0 

Mai 

6 

9  44  35.32 

40  21.68 

+  0.09 

40   10.8 

-0.7 

2.96 

43.3 

8 

9  36     6.12 

39  44.20 

+  0.08 

36    ..    . 

2.93 

41.6 

19 

8  .50     5.97 

12 

36  58.59 

+  0.05 

92  21   35.2 

-0.9 

2.76 

42.1 

1921 

,^ 

aluriie 

Fevrier 

23 

13  23  27.09 

1] 

36  55.26 

-0.07 

84  57     5.8 

-2.1 

1.45 

19.2 

24 

19  15.21 

36  39.24 

-0.09 

55  14.7 

-0.9 

1.43 

19.0 

25 

15     3.16 

36  23.06 

-0.10 

53  21.1 

-1.5 

1.46 

19.1 

28 

13     2  26.27 

11 

35  33.76 

-0.06 

84  47  39.1 

-1.2 

1.42 

18.8 

Mars 

17 

11  .50  43.93 

11 

30  41.01 

-0.02 

1..50 

19 

42  17.65 

30     6.45 

-0.05 

84   11   11.1 

-2.0 

1.-17 

20.3 

21 

33  51.67 

29  32.19 

-0.02 

7  29.4 

-2.3 

1.40 

19.4 

22 

29  38.72 

29  15.10 

-0.09 

5  40.3 

-2.0 

1.38 

19.0 

23 

25  26.00 

28  58.24 

-0.01 

3  51.9 

-1.9 

1.50 

21.1 

24 

11   21    13.30 

28  41.40 

-0.01 

84     2     4.2 

-2.1 

1.55 

20.9 

• 

31 

10  51   47.89 

11 

26  47.02 

+  0.01 

83  50     4.9 

-1.1 

1.48 

19.7 

Avril 

2 

10  43  24.80 

11 

26  15.66 

-0.04 

83  46  51.0 

-1.1 

1.41 

19.7 

5 

30  51.64 

25  30.09 

-0.03 

42  11.3 

-1.2 

1.37 

19.9 
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Dates 


Tm  Besancon 


AR  Apparente 


Corr. 
d'ephem. 
C.  d.  T. 


DP  Appai'ente 


Corr 
d'ephem. 
C.  d.  T. 


Diametre 


Horizontal     Vertical 


1021 
Avril 


1922 

Avril 


Mai 


9 
11 
16 


14 

27 
6 


1922 

Octobre         13 
14 

17 


Saturn     (Continued) 


h       m   s 

h 

m   s 

5 

, 

„ 

,, 

10  14  10.36 

11 

24  32.28 

-0.01 

83 

36  21.3 

-1.8 

1.39 

20.8 

10  5  51.20 

24  4.86 

+0.08 

33  38.0 

-1.1 

1.30 

18.4 

9  45  7.47 

23  0.48 

-0.10 

27  21.6 

-1.6 

1.41 

18.9 

8  59  57.42 

n 

21  5.10 

-0.04 

83 

16  40.1 

-1.3 

1.31 

19.3 

10  41  59.54 

12 

11  11.15 

-0.07 

88 

40  37.0 

-1.2 

1.41 

19.8 

9  50  48.89 

11  7.29 

-0.10 

22  13.4 

-1.2 

1.26 

18.2 

9  12  43.60 

9  24.89 

-0.15 

12  ..  . 

1.11 

20.2 

9  5  32.44 

12 

9  5.50 

I 

-0.07 

iranus 

88 

10  54.8 

-0.6 

1.31 

20.2 

9  21  39.97 

22 

48  11.28 

+  0.07 

98 

28  56.0 

+  0.1 

9  17  37.69 

48  4.89 

-0.11 

29  33.5 

+  1.7 

9  5  32.31 

22 

47  47.18 

+  0.04 

98 

31  15.0 

+  0.5 

Neptune 


Dates 

Tm  Besancon 

AR  ,\)iparcnte 

Cor.  d'ephem. 
C.  d.  T. 

DP  Apparente 

Cor.  d'ephem. 
C.  d.  T. 

1921 

h   m   s 

h   m   s 

5 

o     / 

„ 

Fevrier 

19 

11  0  6.60 

8  57  25.01 

-0.08 

72  43  3.2 

-1.0 

21 

10  52  2.27 

57  12.46 

-0.09 

42  11.2 

+  0.4 

22 

48  0.12 

57  6.20 

-0.16 

41  44.2 

-0.2 

23 

43  58.11 

57  0.08 

-0.14 

41  17.9 

-0.4 

24 

39  56.17 

S  56  54.02 

-0.11 

40  51.8 

-0.7 

2.-) 

35  54.27 

56  48.02 

-0.08 

40  27.0 

+  0.1 

26 

31  52.39 

56  42.03 

-0.11 

40  1.1 

-0.5 

28 

10  23  48.84 

8  56  30.27 

-0.15 

72  39  10.7 

-1.1 

Mars 

1 

10  19  47.22 

8  56  21.54 

-0.11 

72  38  47.1 

-0.2 

2 

15  45.67 

56  18.87 

-0.09 

38  23.1 

-0.1 

3 

10  11  44.23 

56  13.32 

-0.02 

37  58.6 

-0.8 

8 

9  51  37.75 

55  46.30 

-0.13 

36  5.3 

0.0 

9 

47  36.76 

55  41.20 

-0.09 

35  42.7 

-0.9 

10 

43  35.80 

55  36.14 

-0.11 

35  22.1 

0.0 

12 

35  34.20 

55  26.32 

-0.12 

34  39.9 

-0.6 

14 

27  33.02 

55  16.92 

-0.08 

34  0.3 

-0.3 

15 

9  23  32.48 

55  12.29 

-0.15 

33  40.7 

-0.5 

22 

8  55  32.24 

54  43.31 

-0.02 

31  37.8 

+  0.1 

23 

8  51  32.-58 

54  39.54 

-0.06 

31  21.2 

-0.7 

24 

8  47  33.01 

8  54  35.86 

-0.13 

72  31  .6.0 

-0.4 

1922 

Fevrier 

9 

11  50  40.04 

9  7  43.59 

-0.21 

73  22  41.9 

-1.7 

11 

11  42  35.01 

7  30.33 

-0.17 

21  42.0 

-2.2 

24 

10  50  4.93 

6  .6.83 

-0.08 

15  31.2 

-1.0 

Mars 

16 

9  29  37.64 

9  4  17.37 

-0.26 

7  28.5 

-0.6 

17 
18 

9  25  36.6 
9  21  36.87 

-0.17 

7  8.3 
73  6  48.2 

-0.6 
-0.9 

9  4  8.38 
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Dates       I     Tm  Boiancou        AR  Appiuentc  I  DP  Apparente 
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1921 
Fev. 


.Mars     1 

1922 

Mai  0 
8 
19 
20 
22 
2;? 
21 
27 
29 

1922 
Mai      t) 

8 


1921 

Nov. 


Dec. 


1921 
.luill. 


1922 

Nov. 


Dec 


ir. 

17 
18 
19 
22 
2:5 
21 
2.5 
30 
5 


Ceres  1 


7  49  19.45 

45  39.63 

38  25.29 

31  18.18 

7   10  37.40 

11  10  29.22 

11  .1  58.61 

10*11  44.40 


0  5  11.59 

9  57  8.85 

52  39.36 

48  11.30 

34  54.81 

9  26  10.77 


5  42  9.97 

42  26.10 

43  3.68 
43  48.50 

5  46  43.64 

14  6  29.69 

5  50.80 

.13  58  50.43 

■  56  13.11 

56  2.16 

55  28.48 

54  56.24 

53  27.24 

13  52  34.88 


60  40  21.1 
38  14.1 
36  0.3 
34  55.2 

60  29  10.8 


91)  n    IS.O 

39.6 

5.5 

15.9 

5.8 

45.0 

40  33.6 

49  53.5 

90  55  55.6 


Pnllas  2 
9  33  15.0S  I  12  28  59.58  I  68  59  5.0 
9  25  33.95   12  29  10.30   68  48  47.3 


Jiuum  S 


11  20  28.29 

10  53.19 

6  6.61 

10  14  50.60 

9  50  15.38 


11 


34  55.79 

11  46.71 

9  56  5.10 

44  26.79 


18  17  57.36 

16  14.41 

15  23.59 

5  20.41 

18  2  24.80 

3  15  51.81 

12  21.71 

3  29.12 

3  3  38.57 


95  3  43.8 
8  31.3 

11  5.1 
55  17.8 

96  7  56.7 

94  31  9.3 

94  58  30.4 

95  18  36.2 
95  11  0.0 


r 


11  26  54.78 

!7  2.28 

12  6.67 

7  11.76 

10  52  30.71 

47  38.59 

42  48.84 

37  23.67 

14  1.95 

9  50  38.34 

9  46  1.77 


csta 
3 


4 

50.58 

2 

49.57 

1 

49.71 

0 

50.54 

57 

56.75 

57 

0.39 

56 

6.40 

54 

36.90 

50 

54.12 

47 

9.45 

46 

28.68 

i2  30 
31 
3() 
37 
41 
■12 
^3 
41 
45 
43 

^2  42 


38.4 
20.8 

0.3 
23.2 
21.0 
25.1 
16.7 

1.3 
33.7 
17.6 
25.8 


Dates 

Tm  Besancon 

AR  Apparente 

DP  Apparente 

Flora  8 

h       n 

1         s 

h       m       s 

,     „ 

Nov.  13 

10   .54 

11.. 57 

2  23   11.24 

87 

45     7.3 

16 

10  39 

55.40 

2  20  42.38 

87 

43  17.4 

1921 

Metia  9 

Fev.    19 

10  50 

1(».10 

8  47  26.88 

62 

47    16.4 

23 

31 

24.72 

44  24.62 

41     8.1 

24 

26 

47.51 

43  43.20 

40     6.9 

25 

21 

12.38 

42     3.72 

39  18.9 

28 

8 

37.71 

41    16.64 

38     5.6 

Mars    1 

4 

10.11 

40  44.86 

.38  14.2 

2 

9  59 

44.48 

40  15.05 
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THE  GENERAL  ORBITS  OF  THE  ASTEROIDS  OF  THE  TROJAN   GROUP, 

By  KH\]':sT  W.  BliOWN. 


1.  Thr  pr()l)lrni  iif  the  motion  of  the  asteroids  which 
circulate  romul  the  Sun  at  the  same  mean  distance  as 
Jupiter  and  w  hich  oscillate  about  the  positions  differing 
by  60°  heliocentric  longitude  from  Jupiter,  presents  so 
many  points  of  mathematical  and  mechanical  interest, 
that  a  general  explanation  of  certain  features  of  the 
motion  and  of  the  methods  adopted  to  obtain  a  solution 
of  the  problem  may  not  be  out  of  place,  now  that  the 
theory  has  been  completed.  It  is  hoped  also  that  this 
descriptive  account  will  assist  in  making  clear  the 
detailed  theory  to  be  published  in  Vol.  3  of  the  Traiis- 
actio7is  of  the  Vole  Observatory  which,  in  spite  of  many 
efforts  at  clarification,  is  still  quite  complicated. 

The  object  of  the  memoir  is  two-fold.  I  desired  to 
carry  the  developments  sufficiently  far  so  that  they 
could  be  used  for  comparison  with  observation  and 
prediction  with  nearly  the  accuracy  obtained  at  pres- 
ent by  observation  and  to  indicate  how  they  could  be 
continued  to  any  required  degree  of  accuracy.  Also, 
as  we  have  but  little  knowledge  of  the  stability  of  our 
planetary  and  satellite  systems  e.xcept  that  derived  from 
the  actual  developments,  it  was  hoped  that  some  idea 
might  be  gained  as  to  whether  the  stability  of  motion 
of  these  asteroids  differed  essentially  from  that  of  a 
major  planet  or  from  that  of  other  well  known  groups 
of  asteroids.  The  gaps  in  the  distribution  of  the  latter 
may  indicate  some  kind  of  instability  but  so  far,  mathe- 
matical investigation  has  failed  to  reveal  it.  Essential 
differences  between  the  motions  of  the  asteroids  of  the 
Trojan  group  which  seem  to  be  stable,  and  those  of  other 
groups  whose  mean  motions  should  have  exact  or 
approximate  commensuraliility  with  that  of  Jupiter, 
but  which  have  no  representatives,  may  po.ssibly  reveal 
the  direction  in  which  the  instability,  if  it  exist.s,  should 
be  sought. 

2.  After  trials  of  different  methods,  that  which  aj)- 
peared  to  be  best  capable  of  full  drvelojjment  was  one 
which   iiivdhcd   the   use  of   the   true  longitude   of  the 


asteroid  in  its  orliil  as  the  independent  variable.  This 
variable  has  been  imt  little  used  since  L.\Pl.\ce  adopted 
it  for  his  exposition  of  the  lunar  theory,  partly  perhaps 
because  the  developm.ent  of  the  disturbing  function 
for  planetary  theories  appeared  to  be  very  troublesome 
and  partly  because  tabulation  with  respect  to  the  time 
was  needed  for  jiurposes  of  prediction,  necessitating  a 
final  transformation.  It  now  seems  as  if  neither  of 
these  objections  rests  on  very  secure  foundations.  Al- 
though the  development  of  the  distvn-bing  function  is 
easier  in  the  case  of  the  Trojan  group  than  in  other 
ca.ses  of  planetary  motion,  there  seems  to  be  no  reason 
why  the  methods  adopted  for  this  group  should  not  be 
carried  out  for  any  other  planet  with  no  more  labor 
than  is  necessary  for  (levelo|)nients  in  terms  of  the 
time.  As  for  ta))ulali()n,  this  can  be  made  with  re- 
spect to  the  true  longitude  as  easily  as  with  respect 
to  the  time  and  tlwrv  is  no  additional  difficulty  in 
comparing  with  observation:  we  simply  tabulate  the 
time,  radius  vector  and  latitude  at  equidistant  values 
of  the  true  longitude,  instead  of  the  true  longitude, 
radius  vector  and  latitude  at  equidistant  values  of  the 
time.  For  asteroid  prediction,  there  is  scarcely  any 
difference,  since  in  general  only  a  few  positions  are 
computed  near  each  opposition  and  these  can  with  a 
little  final  interpolation  be  put  into  the  latter  form  if 
desirable.  However,  in  the  case  of  the  Trojan  group, 
a  method  was  found  (No.  29  below)  which  made  the 
final  transformation  so  easy,  that  the  coordinates  are 
obtained  in  both  forms,  the  theory  being  mainly  carried 
through  with  the  true  longitude  as  independent  variable. 
One  of  the  general  advantages  of  the  use  of  this 
variable  is  due  to  the  fact  that  the  long  period  terms 
which  are  ordinarily  present  in  the  arguments  of  the 
short  period  terms,  being  taken  there  through  the  mean 
longtiude,  are  here  automatically  included  through  the 
l)resence  of  the  true  longitude  in  these  terms,  thus 
saving  troublesoiuc'  approximations,  or  the  use  of  de- 
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vices  such  as  thoso  adopted  liy  Gyldkn.  In  tlu'  <asc 
of  the  Trojan  group,  tlio  gonoral  convciRcnci'  along; 
powers  of  the  disturMng  force  seen's  to  be  rather  more 
rapid  so  far  as  the  deveU)pni(>nts  have  l)eeii  carried: 
this  indication  was  obtained  durin};;  llie  Iransrorniation 
to  tlie  time  as  independent  variabh\ 

:5.  Laplack  uses  the  equations  lor  I  he  mivcisc  oi 
the  radius  vector,  the  k)nRitU(U'  in  tlie  phine  of  rci'erence 
and  the  hititude  above  this  phme.  Instead  of  Itie 
latter  two  coordinates  I  adopt  the  longitude  in  the 
orbit,  the  inclination  of  the  orl>it  to  that  of  Jupiter 
and  the  longitude  of  the  node.  But  since  the  dis- 
turbing function  and  all  the  equations  of  motion  can 
be  expressed  in  terns  of  cos/  (sin/  being  absent),  the 
function  r  =  1  —  cos  (  is  used  instead  of  /. 

The  principal  advantage  of  the  independent  variable 
V  is  found  in  the  equation  for  n  the  itiverse  of  the  radius 
vector,  which  takes  the  form 


(Pn 


+  u  =  con.st.  +  i)erturbations 


and  is  therefore  integrated  witlidul  diHiculty  even 
when  we  include  certain  perl  urliatiimal  terms  in  the 
left-hand  mendjer  -  a  properly  wliich  is  necessary  for 
the  Trojan  group. 

For  elliptic  motion,  the  solution  is 

u  =  1 1  -f-  e  cos  (i'  —  lij)  {  -^  «  (1  —  e-) 
and  lliis-  suggests  the  general  form  (/  =.4(1  -|-  A'), 
where  we  so  choose  A  that  E  shall  mAy  contain  lernis 
which  have  approximately  the  period  of  the  true  (or 
mean)  anomaly.  The  form  of  the  e(iuation  of  motion 
(8'1)  suggested,  however,  that  a  better  substitution 
would  be  to  put  u  =  pq  {\  +  E)  where  q  =  \/h''.  h 
being  the  areal  velocity  and  to  so  determine  /;  that  E 
shall  have  terms  of  the  required  form,  i.e.,  that  p  shall 
have  no  such  terms.  The  equations  for  E,  p  are  similar 
to  that  for  m,  but  the  ecjuation  for  p  gives  rise  to  no 
small  divisors,  while  that  for  E  takes  care  of  the  long 
period  variations  of  the  eccentricity  and  longitude  of 
perihelion.  The  variations  of  the  mean  longitude  and 
mean  motion  are  mainly  determined  by  the  equations 
for  q,  t,  the  chief  function  of  p  being  that  of  keeping  E 
dear  of  other  short  period  variations. 

The  method  therefore  gives  results  somewhat  parallel 
to  those  furnished  by  the  methods  which  use  the  e(|ua- 
tions  for  the  variation  of  the  elliptic  elements.  But  it 
has  some  advantages  over  the  latter.  The  somewliat 
rigid  form  imposed  by  the  requirement  that  the  coor- 
dinates and  velocities  shall  have  the  same  form  in 
disturbed  and  undisturbed  nuition  leaves  us  litlii'  free- 
dom as  to  methods  of  approxinuition  and  il   is  difficull 


to  include  terms  of  higher  orders  in  the  first  approxi- 
mation. Willi  the  |)resent  form  of  tlie  e(|uations  we 
can  choose  our  interniediale  orliil  ;ii  will  and  approxi- 
mate to  liie  complete  solulion  in  various  ways.  \\\' 
can  also  subslilule  numerical  values  of  the  various 
|)arameters  from  the  outset. 

4.  4'he  Trojan  group  has  a  pr(jpert\-  which  renders 
this  method  i)articularly  useful.  44iei-e  is  only  one 
fundamental  short  period,  thai  of  I  he  revolulioii  of  the 
asteroid  or  of  Jupiter  round  the  Sim.  all  oilier  ])eri()ds 
being  long  in  comjiarison,  llie  shortest  of  the  latter  — 
thai  of  Ihe  libration  — being  about  IweU'e  limes  the 
])eriod  of  Jupiter.  In  Ihe  ordinary  planetary  theory 
there  are  two  fundanienlal  periods  whicdi  in  general  are 
of  the  same  order  of  magnitude,  and  there  is  no  such  sharp 
distinction  between  long  and  short  periods.  Sat(41ite 
problems  in  general  show  the  .same  sharp  ilistinction. 
In  I  hem  the  disturbing  force  is  relatively  much  greater 
so  llial  we  are  able  to  gain  added  advantage  in  being 
able  lo  iiK4uile  higher  powers  of  it  from  the  start.  I 
have,  in  fact,  Iried  Ihe  method  on  Jupiter  VIIl  and 
have  obtained  a  first  ap])roximatioii  to  its  orbit  which 
ajijiears  lo  be  sufficiently  good  to  wairaiil  coni  inuation. 

').  Fi'om  the  mechanical  poini  of  \'i(>w,  the  chief 
feature  of  the  motion  of  an  asteroid  of  the  Trojan 
group  is  due  to  resonance.  Jupiter  has  so  large  a  mass 
in  comparison  with  that  of  an  asteroid  that  its  motion 
is  jiractically  unaffected  by  the  latter  and  all  the  effects 
are  exhibited  in  the  asteroid  only.  The  main  property 
of  a  celestial  system  which  has  a  natural  period  very 
close  to  that  of  a  distm4)ing  force  is  that  when  the- 
periods  are  sufficiently  (dose  they  become  exactly  the 
same.  There  is  then  an  oscillation,  usually  termed  a 
libration,  about  this  mean  position  having  an  ampli- 
lude  and  phase  which  are  arbilrary,  that  is,  which 
depend  on  the  initial  conditions.-  There  ar(^  several 
examples  of  this  in  llie  solar  sj'stem  but,  besides  the 
well-known  case  of  ihe  rotation  of  the  moon  about  its 
axis,  no  other,  except  in  the  asteroids  of  the  Trojan 
group,  where  the  disturbing  force  has  the  period  of 
revolution  of  the  body,  so  as  to  become  the  conI  rol- 
ling factor. 

().  A  second  feature  is  due  to  the  fact  that  ihe 
asteroid  is  compelled  to  follow  Jupiter  not  only  in  its 
mean  motion  but  also  in  its  elliptic  orbit,  although  this 
does  not  prevent  the  asteroid  from  having  also  an 
elliptic  orbit  of  its  own,  so  to  speak.  Now  the  at- 
traction of  Jupiter  enters  only  into  the  equations  of 
motion  with  the  ratio  of  the  mass  of  Jupiter  to  the  mass 
of  the  Sun  as  a  factor.  It  follows  that  if  we  arc  to  have 
terms  in  the  coordinates  of  the  asteroid  free  from  this 
factor,  il  must  occur  as  a  divisor  during  the  process  of 
solution.      This    is    (luite    easily    dealt    wilh    when    the 
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"proprr'' eccentricity,  the  inclination  and  the  amplitude 
of  the  lihration  are  zero,  for  then  we  have  an  exact 
solution  of  the  equations  of  motion.  But  when  these 
parameters  are  not  zero,  the  forms  of  the  equations 
seem  to  indicate  that  there  is  no  way  of  avoiding  in 
some  form  this  division  by  m.  In  the  ordinary  planet- 
ary theory,  terms  with  divisors  of  this  order  can  be  well 
expressed  as  secular  changes;  here  such  a  method  wouhi 
render  the  expressions  useless  in  a  short  time. 

7.  The  amplitude  of  the  libration  appears  in  the 
longitude  free  from  any  sm,all  factor  and  in  general  it 
is  of  the  same  order  of  magnitude  as  the  eccentricities. 
Further,  the  expansions  take  place  along  powers,  not 
of  the  mass,  but  of  the  square  root  of  the  mass  of  Jupiter. 
Hence,  instead  of  the  usual  three  paraireters,  —  the 
eccentricities  and  inclination  with  the  addition  of  a 
small  parameter,  the  mass  of  the  disturbing  planet,  — 
we  have  five  parameters  which  are  in  general  of  the 
same  order  of  magnitude.  But  I  have  been  able  to 
reduce  nearly  all  the  sensible  terns  to  a  double  expan- 
sion, In'  making  use  of  various  propert'es  of  tl  e  n^ot  on, 
one  parameter  being  the  square  root  of  tl;e  n  ass  and 
carrying  with  it  without  actual  expansion  tl  e  series 
representing  the  intermediate  orbit  (No.  11),  and  llie 
other  a  coml)ination  of  the  two  eccontricilies  and  the 
intermediate  orbit  (No.  17).  Most  of  the  effects  of  the 
inclination  are  included  at  the  outset,  also  without 
expansion  in  powers  of  r  (No.  9).  The  remaining 
terms  are  quite  small  and  of  short  period  having  the 
mass  of  Jupiter  and  one  of  the  cccentiicities  as  factors. 

THE    EQUATIONS    OF    MOTION 

8.  Let  r,  r'  be  the  true  heliocentric  loiigitmles  in 
their  orbits  of  the  asteroid  and  Jupiter;  r,  ;■'  their 
distances  from  the  .Sun  with  tlie  n  can  distance  of 
Jupiter  as  unit;  6,  the  longitude  on  Jupiter's  orbit 
of  the  node  of  inter.section,  and  /,  the  inclination  to 
one  another  of  the  orbital  planes,  that  of  Jupiter  being 
considered  as  fixed.  Let  t  denote  n'  (time)  +  e'  where 
n',  t'  denote  the  mean  motion  ant!  mean  k)ngitude  at 
epoch  of  Jupiter.     Then  with 

«  =  -,/)  =  —  ,r  =  l—  cos  i, 

r  av 

I  obtain  the  equations  in  the  following  forms. 
For  the  motion  in  the  plane  of  the  orbit: 

D-u  -  ^  DuDq  -  DuD  log  (1  -  TDO) 


+  (u 


duj 


(1 


^.  =  -¥(1 


vDd) 


vDdY 

dR 


0, 


dp 


(8-2) 


Dt  =  \  (1  -  vDe), 


(8-3) 


where  q  is  an  auxiliary  variable  which  may  be  defined 
as  the  inverse  of  the  square  of  the  areal  velocity  in  the 
orbit. 

For  the  motion  of  the  plane  of  the  orbit:  — 


w 
vq-i  =  const.  -    ("(1  -  vDO)  -^ 


dr' 
q  dR 


(8-4) 


dv, 


The  disturl)ing  function  R  is  put  into  the  form 
1 


R  =  m  ( 1  +  i  K, 


^-r^),A'  =  r-+  ;-'=-2n-'M, 


where  ui  is  the  ratio  of  the  mass  of  Jupiter  to  the  sum 
of  the  masses  of  Jupiter  and  the  Sun,  and 

M  =  cos  ((.'  —  6)  cos  ((,''  —  6)  -\-  cos  I  sin  (v  —  6)  sin  ((/  —  O) 
=  (1  -  -^  r)  cos  {v  -  v')  +  ^  r  cos  {v  +  v'  -  26),     (8"6) 

9.     The   Trajan   group  is  defined  by  the  relation 

('  —  (i'  =  ±  (30°  -|-  periodic  and  constant  terms. 

If  we  neglect  the  eccentricities  and  inclination,  these 
periodic  terms  constitute  the  chief  part  of  the  libration 
and  are  of  long  period.  It  follows  that  the  terms  of 
lowest  order  with  long  periods  produced  by  the  second 
term  of  ju  in  (8'6)  will  be  at  least  of  the  fourth  order 
with  respect  to  the  eccentricities  and  inclination  and 
can  be  neglected  in  the  early  approximations,  and  the 
short  period  terms  arc  small.  If  then  we  alone  neg- 
lect those  parts  of  R  which  contain  the  angle  8,  we 
shall  be  retaining  nearly  all  the  effects  of  the  inclina- 
tion, the  equation  (8'5)  for  r  will  reduce  to 


i'9' 


const.  =  7, 


and  V,  v'  will  only  occur  in  the  equations  of  motion  in 
the  form  v  —  v'. 

It  is  later  shown  that  the  jjrincipal  part  of  q  is  given 
hy  q  =  I  -\-  ^  Dt  where  t  is  the  librational  portion  of 
('  —  v'  and  is  of  long  period,  and  that  Dt  has  as  factors 
vr^  and  the  ami)litude  of  the  libration,  so  that  we  can 
approximately  replace  r  by  7  (1  -\-  ^  Dt).  —  a  result 
which  permits  us  to  substitute  the  numerical  value  of 
7  at  any  stage  of  the  process. 

10.  The  general  plan  is  one  of  api)roxiniation  along 
powers  of  the  eccentricities,  the  first  approximation  to 
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the  intcrnipdiatc  orbit  being  olitained  by  neglecting 
these  ])iiriuneters.  The  terms  depending  on  the  first 
powers  of  the  eeeentrieities  are  tlien  eoniputcd.  It  is 
next  shown  that  all  short  period  terms  depcndiiuj  on 
powers  of  the  eccentricities  higher  than  the  first  can  either 
be  deduced  i in  mediately  from  the  formvlw  for  motion  in 
an  ellipse  or  hare  m  as  a  factor,  the  latter  thus  having 
very  small  coefiieients.  An  exeeption  to  this  statement 
must  be  nnnle  for  the  terms  depending  on  the  third,  fiftli, 
.  .  powers  of  the  eceentricites  which  should  be  lrcalc(l 
as  additions  to  those  depending  on  the  first  pdwcis 
when  they  have  the  same  i^eriod,  but  tliesc  adilitions 
are  shown  to  be  quite  small  and  easily  included. 

The  long  period  terms  depending  on  even  powers  of 
the  eccentricities  are  treated  as  additions  to  the  intcr- 
meiliatc  orbit  and  from  a  second  ai)i)roxiniat  ion  to  it. 


Tin;  i.\  ri;i;Mi;i)i.\  Ti',  okhit 

11.  It  is  well  known  that  tin-  principal  part  of  tlir 
period  of  the  libration  is  'Iir  -:  rii'  where  i'-  =  27iii/-\. 
Thus  in  the  intermediate  orbit  the  o|)eralor  1)  jjroduces 
the  factor  m'-.  Let  us  neglect  the  eceentricites.  .Then 
the  definition  of  q  and  equation  (8'2)  show  tiial  (/  -  1 
has  the  factor  bm''  where  b  is  the  main  ))art  of  the 
amplitude  of  the  principal  term  of  the  lihialion.  It 
follows  from  (8T)  that  m  —  1  has  the  same  factor  and, 
if  we  put  u  =  pq,  that  p  is  determined  to  the  order  iii^ 
inclusive  by  the  ecpiation 

p^\+'''^-D^q. 

^\'e  therefore  have 


dR 

dn 


+  ('<-  1) 


i  ir-R 


and  similarly  for  other  (leri\ati\('s  of  H.  Wy  proceedinj; 
in  this  manner  with  «,  r,  \\e  redvtce  l\  ami  its  deri\atives 
to  derivatives  of  H  which  contain  onl\-  the  sinjile  vari- 
able   V   —    v'    =    T. 

With  the  help  of  the  .Jacobian  integral,  the  c(iuati()n 
for  T  is  finally  reducccl  to  the  form 

x"  {\  -  %x)~'^  {\  +  R")  =  -  6  71',  + A"  +  const.,     (Ill) 
X  =  Dt, 

or,  integrating,  to 

r- :  T  +  cor.st.  =    I    - —    ..    ,    ,./   I ~TTi'"'''      < '  ^  -) 

J    (— t,/i^,i  + /r  +  const.)2 


whcr 


R ,  =  m  (^  +  \  A-'  -  :^Y  A=  =  2  -  (2  -  7)  eus  r :      {WW) 

R",  R'  are  functions  of  llie  derivatives  of  R;  R"  has  the 
factor  ///  and  11'  the  faelor  ///'-  or  my",  and  the  equation 
(iri)  is  correct  to  the  oiiler  //)-  or  miy-  inclusive^ 
l""rom  the  point  of  view  of  observation  this  ecpiation 
includes  all  powers  of  ni.  y  which  will  give  sensible 
terms  for  many  centuries  from  the  epoch. 

The  terms  dependent  on  th(>  squares  and  fourth 
powers  of  the  eccentricities  are  later  shown  to  be  in- 
cluded by  the  addition  of  a  function  -  Gfto'  to  R' , 
which,  like  A''.  A'",  /['„.  is  a  function  of  the  single  variable 
r. 

.\  remarkable  pro])ei-t  \-  of  (  11'  1 )  is  the  absence  of  odd 
l)owers  of  till  from  A'd.  A'',  A",  /i'/  to  the  order  ni'. 

12.  In  order  to  peiforni  the  integration  of  (I1'2), 
use  must  be  ni.aileof  the  assumed  pro|)erty  of  t,  namely 
that  it  oscillates  between  certain  limits,  so  that  the 
denominator  of  the  intcf^rand  must  have  the  same 
property.  As  this  ilenominalor •\anishes  at  the  limits 
it  is  best  to  get  rid  of  the  infinities  of  the  inl(>gi'and  iiy 
a  change  of  ^•ariable.      1  put 

A-  =  2  -  (2  -  r)  cos  r  =  rf  (1  +  6  cos  <^),  (12T) 

where 0  is  an  angle  which  makes  complete  revolutions 
,and  (/,  b  are  constants.  Here  b  is  to  replace  the  arbi- 
trary constant  present  in  the  denominator.  The  well- 
known  ])ropert)es  of  integrals  defining  i)eriodic  func- 
tions recpiire  that  —  (i  R„  —  ()  R/  +A''  -f-  const,  shall 
have  sin  -  </>  as  a  factor:  as //r  contains  the  factor  sin0, 
this  latter  function  can  be  divided  out  and  we  shall 
have  an  integi-and  wliicli  is  iie\'er  infinite  as  huig  as  b 
is  sufficiently  small.  Tlie  condition  detei-niines  (/  in 
terms  of  li. 

I  shall  omit  here  the  various  devices  by  means  of 
which  these  o])erations  are  actually  carried  out  and  by 
which  the  integranil  is  expressed  as  a  Fourier  series 
with  argument  </>,  and  then  integrated  so  as  to  obtain 

4>  =  4/  -\-  (h  sin  i/-  -\-  (i2  sin  'Zxp  -\-   .  .  .  ,  ■ 
-ij/   =  vv  —  |r  -f-  const. 

Thence.  I)y  re\'ersion  of  series  and  iiy  the  use  of 
(12Tj,  T  is  finally  obtained  in  the  form 

T    =     =t    ()()"    -|-    Til    -f-    T\   cos    (/?(,      -f-    72  cos   2  0u    +  .   .  . 

-+-  t'i  sin  <^o  -f-  Ti'  sin  20,1  -|-  .  .  . , 
<j>i)  =  vr  +  cu. 
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III  this  series,  27r/v«'is  the  period,  i>o  the  arbitrary  pliase; 
T,  has  the  factor  b  and  may  replace  h  as  the  constant  of 
anijjlitiide;  tu  is  of  the  order  of  the  stiuares  of  the 
eccentricities,  the  inclination  and  h;  r,-  (/>0)  has  the 
factor  //;  t,'  i.s  of  the  order  brn^  and  t,'  {i>l)  has  the 
factor  b'm-.  The  principal  part  of  r  is  therefore  the 
cosine  series.  For  application  to  any  member  of  the 
group,  cases  have  been  kept  in  mind  where  b  may  be 
as  great  as  .3:  the  principal  part  of  ti,  is  26/\/3.  With 
this  value  of  b,  it  is  necessary  to  go  as  far  as  r.^  or  r^  in 
order  to  obtain  t  to  10",  the  limit  of  accuracy  aimetl 
at   throughout. 

13.  The  determination  of  r  has  been  made  on  the 
assumption  that  b,  y  might  have  rather  large  values. 
It  was  found  possible,  however,  to  carry  out  an  expan- 
sion in  powers  of  b,  y  and  the  eccentricities  as  far  as  the 
third  powers  inclusive.  This  will  serve  well  for  compu- 
tation when  the  parameters  are  all  small  but  is  mainly 
required  in  finding  first  approximations  to  the  constants 
of  the  theory  from  an  observed  osculating  orbit  and  in 
correcting  those  constants  when  the  given  elements 
are  changed. 

I  find 


3V:3 


m    1  - 


-fi    T+^r'''  +  2"' 


T:i  = 

5 
64^ 

\ 

4 

+ 

43 
24 

r  + 

h+ 

3W;i 
12 

w  iiere 

(3  =  e'-  +  ijc'cos  (oji,  —  in'  =F  ()0°), 
a  =  r)c'  sill  (r.  II  —  uj'  =F  ()0°), 

rj,  r,o  being  defined  as  in  No.  15:  the  secular  motion  of 
m  may  be  included  with  n-Q.  The  double  sign  refers  to 
I  lie  two  equilibrium  positions. 

THE    DETERMINATION    OF   E 

14.  We  neglect  powers  of  the  eccentricities  beyond 
the  first  but  retain  terms  in  the  equations  of  motion  as 
far  as  mi.  Since  a  divisor  of  order  7n  appears  in  the 
terms  factored  by  e',  it  would  seem  that  our  results 
would  be  only  correct  to  mi.  Strictly  speaking  this  is 
true.  But  it  appears  that  the  only  portion  which  is  not 
obtained  correctly  to  order  m  can  be  merged,  with  an 
error  much  smaller  than  oui-  needs,  in  the  ari)itrary 
constant    of  eccentricity,   so   that   the   error   is,    in   the 


applications,  allowed  for  in  the  process  of  deducing  th(? 
constant  of  eccentricity  from  the  observed  position  of 
the  asteroid. 

The  eciuation  for  K  is  reduced  to  the  form 

L-  (Q  E)  +  (\  ^  P)QE  =  -\e'  cos  (r  =f  Gn°  -  a') 

- /xc'sin((' =F  60°  -  ffi'),  (14'1) 

where  Q,  P,  X,  fi  are  functions  of  r,  Dt  obtained  from 
the  intermediate  orbit,  Q  —  I  having  the  factor  bnii  and 
P,  X,  /i  the  factor  m.  All  these  functions  are  Fourier 
series  with  argument  <j>o  =  w  -f  i^,,. 

The  equation  is  of  the  well-known  linear  tyix'  with 
periodic  coefficients  and  may  be  solved  by  any  one  of 
the  known  methods.  But  the  solution  may  be  obtained 
much  more  easily  by  making  use  of  the  properties  of  P, 
namely,  that  it  has  a  small  factor  and  that  v  is  small 
compared  with  unity. 

15.  When  e'  =  o  it  is  known  that  the  solution  is  of 
the  form 

QE  =  Scfj-cos  {r  —  nJi  r  —  ;ro  +  »' <^u) 
-I-  So,' sin  (r  —  nic  —  To  -1-  ;'0,i), 

where  «  =  0,  ±  1,  =t  2, .  .,  nsi  being  a  determinate  and 
njn  an  arbitrary  constant;  the  other  arbitrary  is  Go- 
The  periods  of  all  these  terms  therefore  differ  but  little 
from  '2w.     Hence  1  i)ut 

1)  =  I),  +  /J)„, 

where  I),  acts  on  r  only  in  its  explicit  form  and  D„  on 
the  portions  which  contain  r  implicitly  only,  that  is, 
on  011,  P,  X,  etc.  Hence  Do  acting  on  any  of  these 
functions  produces  tlie  factor  v  and  Dr  +  1  produces 
zero. 

Tiic  e(|iuition  may  therefore  lie  written 

{■21)J\  +  hV  -  P)QE  =  0. 
Hy  assuming  that  the  solution  is 

Q  E    =    PiCOS  (/'    —    !d) 

and  remembering  that  Do-,  P  produce  the  factor  m,  we 
easily  oht;iin  by  continued  approximation. 


w=  ^  A,-' /'  +  ^ />,-•/-•-  l')<l'     ■  +'^'«, 


^'=(^  +  i^+l^^^-8^"^^^- 
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tliP  tcins  iM'iiif!:  writlcn  down  as  far  as  the  order  Dr 
incUisivo.  To  tho  orik-r  /;(,  wliifh  is  .suHiciiMil  fur  tlic 
theory,  \vc  have  as  =  iDa~^  P  -f-  iro,  Ci  =  J?  (1  +-^P). 
Tho  secular  part  of  m  arises  from  the  eonstant  term  in 
/'  and  its  priniipal  portion  is  27w('/S. 

16.  Denote  the  rislit  hand  nicinber  of  (ll'l)  liy  /" 
and  put  y  -  QE.  Then  the  partieidar  integral  is 
obtained  from  the  equation 


or  from 


where 


2A,/),/y  =  P'  +  II  P  -  l\-y, 

2I)„DAy  -  yo)  =  P'  +  y«P 

+  {y  -  yo)  P  -  DoHy  -  yo)  (le'i) 


ya  =  Ke'  cos  {v  =»=  60°  —  m')  +  K'e'  sin  {v  =f  60°  —  ro'), 

A',  A'l  being  constants  to  be  so  determined  that  in  the 
expansion  of  X,  fi,  P.  in  ForuiiOK  series  with  arjjuinent 
</)o  the  expressions 

-  X  +  KP,  -  M  +  K'P 

shall  contain  no  constant  term. 

This  introduction  and  definition  of  yo  are  necessary 
in  order  to  avoid  the  occurrence  of  secular  terms  in  the 
solution  and  it  is  in  the  determination  of  A',  A',  that  the 
division  by  tlie  factor  m  takes  phice. 

For  a  first  approximation  we  nc<;lecl  t  he  hist  1  wo  terms 
of  (16' 1)  and  obtain 

y  -  y«  =  'Aixr'  or'  (P'  +2/oP) 

=  -  'AD,-'  {DJ"  +  yJJ^P);  (Ur2) 

with  this,  a  second  approximation  is  easily  found. 
The  effect  of  the  operator  Do  ~'  is  now  to  produce  only 
periodic  terms  and  the  small  divisors  arising  in  th(^ 
integration  are  of  the  order  tm,  so  that  the  right  hand 
member  of  (16'2)  has  the  factor  m^. 

The  principal  part  of  y  is  therefore  ?/o-  Since  the 
principal  part  of  X  is  P  and  since  the  constant  part  of  yu 
has  the  factor  b-m,  we  have  A  =  1,  A"  =  0  approximate- 
ly, —  a  result  which  shows  how  the  eccentricity  of 
Jupiter  is  introduced  into  the  motion  of  the  asteroid 
free  from  the  factor  m. 

17.     The  complete  solution  of  (14'1)  may  be  written 

E  =  e  cos  (v  —  m"),  (17' I ) 


where  c,  m"  are  long  period  functions  of  v,  and  consti- 
tute what  may  1)0  called  the  "effective"  eccentricity  and 
longitude  of  perihelion  of  the  asteroid.  It  is  with  this 
value  of  E  that  the  disturbing  function  is  developed  in 
order  to  obtain  the  terms  dependent  on  the  squares 
and  higher  powers  of  the  eccentricities,  and  with  it 
the  equation  for  the  time  is  integrated.  When  we  sulv 
stitute  the  development  in  the  equations  for  p,  q,  E, 
we  see  at  once  that  the  remaining  short  period  terms 
have  the  factor  ?«,  no  small  divisors  being  present,  so 
that  their  calculation  is  a  simple  matter. 

A  further  saving  is  effected  by  making  use  of  the 
fact  that  Rr'  (or  Kr)  is  a  function  of  the  coordinates  in 
the  forms  r'u,  v  —  v'  only  so  that  the  use  of  ci,  m,  where 


cos  cos 

Ci    .      u!i  =  e    . 
sin  sm 


(r  +  aj>). 


instead  of  e,  xa"  is  suggested.  This  has  the  additional 
advantage  that  when  b  is  neglected  ei,  ®i  reduce  to 
ri,  w  —  the  real  eccentricity  and  longitude  of  perihelion 
of  the  asteroid. 

17a.  We  are  now  in  a  position  to  calculate  7^2  (No.  11) 
the  portion  additive  to  Ra  depending  on  even  powers  of 
the  et'centricities  required  to  find  t.  For  this,  it  is  first 
jjroved  that  to  order  mi  the  equation 


X-  —  r.x^  =  const. 


6Ro  -  6/?2 


is  sufficient  provided  terms  of  this  order  are  neglected  in 
the  right  hand  member  (they  vanish  automatically); 
\\K  therefore  neglect  the  variation  of  e,  ss".  By  some- 
what involved  processes,  it  is  next  shown  that 


iiR„  +  R^  = 


OR 

dv 


.    dR  du  _    (I   f  Tf  dt 
du   dv         dr  \      dv 


where,  after  expansion  we  neglect  all  the  short  period 
terms.  These  forms  include  all  powers  of  both  eccen- 
tricities. But  the  long  period  part  of  Rdt/dv  expressed 
in  terms  of  v  is  none  other  than  the  long  period  part  of 
R  expressed  in  terms  of  t.  We  therefore  develop  H 
by  means  of  the  elliptic  formulae  in  terms  of  the  time, 
and  Ra  +R2  is  then  the  portion  of  it  which  is  indepen- 
dent of  the  short  period  terms.  This  portion  contains 
the  eccentricities  only  as  powers  and  products  of 

e^,  e'-,  ee'  cos  (m"  —  ni'  —  t),  ee'  sin  (ai"  —  nj'  —  t), 

the  coefficients  de])cnding  only  on  r  anil  having  m  as  a 
common  factor. 
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18.  The  remaining  computations  to  obtain  r,  d  and  the 
terms  having  d  in  their  arguments  present  no  points  of 
special  interest.  In  obtaining  the  motion  of  the  node, 
however,  it  is  at  once  seen  that  its  secular  part  has  the 
factor  m  multiplied  by  the  squares  of  the  other  para- 
meters, instead  of  the  simple  factor  m  as  in  the  ordinary 
planetary  theory.  It  is  also  easily  seen  that  the  por- 
tion of  this  secular  motion  produced  by  the  direct  action 
of  Saturn  is  nearly  the  same  as  that  produced  by  this 
l^lanet  on  the  motion  of  Jupiter.  Hence  Jupiter  compels 
the  asteroid  to  have  nearly  the  same  secular  nodal  motion 
as  itself.  It  is  possible  that  for  some  asteroids  of  the 
group  the  principle  of  close  resonance  may  again  come 
into  action  here,  namely,  that  the  secular  motions  of 
the  two  nodes  become  exactly  the  same  with  the  libra- 
tion  of  the  asteroid's  node  about  this  mean  relative 
position :  but  the  investigation  of  this  demands  develop- 
ments more  extensive  than  those  of  the  memoir  and 
would  lead  too  far  from  the  objects  immediately  in  view. 
The  secular  motion  of  the  perihelion  has  no  such 
property.  Its  principal  part  is  27m(i/8  which  is  much 
larger  than  the  part  produced  in  the  perihelion  of  Jupi- 
ter by  Saturn,  the  latter  being  appreciably  the  same  for 
(lie  asteroid  and  Jupiter. 

FINAL   FORMS    OF   THE    EXPRESSIONS 
FOR   THE   COORDINATES 

18.  So  far  as  the  actions  of  Jupiter  and  the  Sun  only 
are  concerned,  the  final  forms  are  shown  by  the  follow- 
ing expressions. 

The  time  —  n't  +  e'  in  the  usual  notation  —  is  given  by 


t  =  V 


(1  -  Dt)  e„  +  5/. 


In  this  expression,  t  contains  the  long  period  libra- 
tional  terms,  Ev  is  the  equation  of  the  centre  in  terms 
of  the  eccentricity  e  and  the  true  anomaly  v  —  m" 
(No.  17),  and  M  contains  terms  of  short  period  having  as 
factors  both  in  and  powers  of  the  eccentricities  and  of 
y.  The  degree  of  accuracy  is  such  that  if  ri  is  not 
much  greater  than  '1,  /<30°,  6<'3,  the  longitude  of 
the  asteroid  should  be  obtainable  to  about  10"  within 
at  least  a  century  from  the  epoch,  it  being  assumed 
that  the  data  are  obtained  with  the  necessary  accuracy. 
That  the  result  should  be  capable  of  expression  in 
so  simple  a  form  is  remarkat)le.  It  is  shown  in  No.  29 
that  when  the  longitude  is  expressed  in  terms  of  the 
time,  neglecting  bt  and  some  very  small  terms,  the 
result  is  nothing  but  the  formula  for  elliptic  motion  with 
mean  longitude  /  +  r,  eccentricity  e,  longitude  of 
pcrilu'lion  id"  in  which  t  is  substituted  for  v in  r  and  t  -\-  t 
for  V  in  tiic  expressions  for  e,  ^" .     With  these   limita- 


tions the  errors  are  of  the  order  of  one  or  two  minutes  of 
arc. 

19.  The  variables  p,  q  an.'  given  by  expressions  of  the 
form 

p   =    1    +   dpa  +   pn, 
V(l   -  c=)    =    [   +   I  Dt  +  5<l„  +  9,  +r,,, 

where  Spo,  5qa  arc  long  period  terms  having  the  factor 
"i;  7^2,  (/i,  92  also  have  the  factor  m  and  are  of  short 
period,  the  suffixes  denoting  additional  factors  depend- 
ing on  the  eccentricities  and  inclination. 

The  principal  part  of  r  is  given  by  r  =  yq"^,  the 
remaining  terms  having  the  factor  my.  From  this 
equation    combined    with    r  =  2  sin^  iri    we    obtain    i. 

The  principal  part  of  d  is  olitained  by  intr-grating 
the  equation 

-  4  De    =  (Df/o/f/o)  cot  T, 

where  qo  is  the  long  period  part  of  q.  From  this  equa- 
tion we  deduce  the  fact  that  the  secular  part  of  6  has 
the  factor  mb-  (No.  18)  and  that  the  principal  periodic 
term  has  the  factor  bm^.  Since  6  has  its  greatest 
effect  on  the  latitude  which  has  y^  as  a  factor,  the  actual 
effect  of  the  variation  of  9  is  iiuitc  small. 

THE    EFFECTS    PRODUCED    BY    SATURN 

20.  The  attractions  produced  by  the  planets  other 
than  Jupiter  are  divided  into  the  direct  and  indirect, 
the  latter  being  the  effect  produced  on  the  motion  of 
the  asteroid  through  the  variations  of  the  motion  of 
Jupiter  from  an  elliptic  orbit.  Since  the  only  planet 
which  can  produce  any  sensible  effect  is  Saturn,  although 
the  general  theorems  stated  below  apply  to  the  actions 
of  all  the  planets,  we  shall  confine  our  attention  to 
Saturn  alone.  The  direct  action  of  Saturn  introduces 
terms  into  the  equations  of  motion  which  have  the  mass 
of  Saturii  as  a  factor  while  the  indirect  terms  contain 
the  product  of  the  masses  of  Jupiter  and  Saturn ;  in 
spite  of  these  facts,  the  latter  produce  changes  in  the 
longitude  in  general  larger  than  the  former.  The 
investigation  of  both  problems  is  difficult  because  in 
neither  case  can  we  neglect  the  action  of  Jupiter  as  is 
ordinarily  done  in  finding  the  jirincipal  perturbations 
of  one  planet  by  another. 

The  method  adopted  consists  in  finding  the  e<iuations 
for  the  variations  of  tlie  coihdinatcs  when  we  retain 
the  principal  terms  due  lo  I  he  action  of  Jupiter,  and 
then  applying  the  results  to  the  various  terms  produced 
by  the  action  of  Saturn,  if  we  arc  not  to  be  landed  in 
a  maze  of  complicated  roiinuhc,  it  is  necessary  to  make 
a  careful  examination  of  the  terms  which  will  or  will 
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not  ijrotlufc  sonsililc  olTocts.  In  th<'  folldwiii}!  para- 
jjraphs  I  sliall  only  givo  the  coiniiarativcly  simple  re- 
sults which  such  an  examination  has  furnished. 


THE   DIRECT    ACTION    OF   SATURN 

21.  The  most  im|)ortant  i)art  of  the  action  of  Jupiter 
occurs  in  the  equation  which  gives  the  time  in  tcrm.s  of 
the  true  longitude;  this,  in  the  method  of  th(>  variation 
of  arbitrary  constants,  corresponds  to  I  lie  ecjuation 
giving  the  mean  longitude^  in  terms  of  the  time.  If 
5t  he  the  portion  add  to  -  due  lo  the  action  of  Saturn, 
the    |)rincipal    part    of   the   eciuation    may    he    written 

D-St  +  (f-  +  y)  5t  =  A  sin  (sr  -f  s't  +  So),      (2ri) 

where  the  right  hand  member  is  a  term  arising  from  the 
action  of  Saturn  and  y  is  a  Fourier  series  with  argu- 
ment <t>a  (No.  12)  which  vanishes  with  b,  the  eccentri- 
cities and  the  inclination.  The  portion  t  is  introduced 
into  the  right  hand  meniher  because  the  mean  longitude 
of  Saturn  is  given  in  terms  of  /  and  the  transformation 
<  =  f  —  T  must  he  applied. 

In  this  equation  it  is  to  he  noticed  that  v-,  y  hare  the 
factor  wi;  in  the  ordinary  planetary  theory  taken  to 
the  same  order,  the  constant   part   of  c-   +   y  is  zero. 

The  integral  of  (21"  1),  if  in  a  first  approximation  we 
neglect  y  and  tlie  variable  part  of  r,  is 

A 


8t  = 


sin  (.s(.'  +  .s't  +  .s'li) 


The  complete  integration  when  //,  r  ar(>  not  neglected  is 
given  in  No.  24  below.  There  are  three  cases  to  con- 
sider according  as  s/v  is  large,  small,  or  nearly-  unity. 
The  first  ca.se,  being  that  of  short  jx'riod  terms  in  which 
v/s  maj'  generally  be  neglected,  is  the  same  as  in  the 
usual  theory  and  neetls  no  further  remark. 

22.  When  .s  is  small  compared  with  v,  the  divisor  is 
a()proximately  v-;  in  the  ordinary  theory  it  iss-.  Hence 
inequalities  of  very  long  period  in  the  longitude  do  not 
have  coefficients  which  lend  to  become  very  large 
as  the  period  increases.  The  theory  therefore  shows 
that  the  action  of  Jupiter  prevents  the  asteroid  from 
having  any  very  large  inequalities  of  very  long  period  due 
to  the  direct  attractions  of  the  other  planets.  In  a  similar 
way  we  can  show  that  secular  and  pseudo-secular  terms 
cannot  arise  from  this  source.  The  corresponding 
inequalities  in  radius  vector  are  much  smaller  since  in 
general  they  are  proportional  to  the  derivatives  of  the 
terms  in  longitude:  thcj-  thus  tend  to  vanish  as  the 
period  lengthens. 


2;-i.  The  cas(>s  «  =*=  ;' small  I  and  with  them  th(>  cases 
s  =t  /i' small)  compared  with  p  (see  No.  24)  are  the  oidy 
ones  where  very  small  divisors  may  arise.  The  general 
elTcct  of  such  terms  is  to  increase  the  amplitude  of  the 
liliration.  Hut  the  period  of  the  libration  is  not  inde- 
pendrnt  of  its  amplitude.  .\  general  idea  of  what  will 
happen  c.-in  be  deduced  from  the  analogous  case  of  the 
pendiiliiiu  .'leted  on  liy  :i  force  whose  period  is  nearly 
e(|ual  t(i  th;it  of  the  pendulum.  Tlie  oscillations  in- 
crease' in  amplitJide,  but  as  they  increase  the  period 
lengthens,  and  the  resonance  bec'omes  less  effective;  in 
other  words,  the  phase  gradually  changes  and  the  oscil- 
lations diminish  again,  the  cycl(>  of  changes  being  con- 
tinually reiieatcd.  It  may  be  regarded  as  a  secondary 
libration  superimposed  on  the  iirimary  libration.  If 
the  external  force  is  large  enough,  the  pendulum  may 
lia\('  its  motion  lemi)orarily  or  permanently  changed 
to  one  of  ((intiinious  revolution:  in  the  motion  of  an 
asteroid  of  the  Trojan  group  this  would  mean  that  the 
mean  triangular  configuration  would  no  longer  exist 
and  we  should  regard  the  term  as  producing  instability. 
An  examination,  however,  of  the  attractions  of  the 
other  planets  rexcals  no  terms  which  seem  to  be  large 
enoiif;li  to  produce  such  a  result. 

'-'1.  'Ilie  chief  effect  of  the  action  of  Jupiter  on  the 
perturbations  produced  by  other  planets  can  be  shown 
<iuite  brieffy  in  another  way  which  also  serves  to  give  a 
(litTei-ent  \iew  of  the  solution  of  the  ecpiation  for  the 
lihrat  ion. 

If  we  neglect  all  but  the  terms  of  lowest  order  in 
e(|iiatiiin  (III)  and  dilTerentiate,  we  obtain 


Dh  +  8 


an. 

Or 


(24-1) 


where    Ru   has   the   value    (ir:>).      The  solution   of  this 
equation  is 

T  =    ±  (i()°  -I-  ^„  -f  ^,  ,.„s  </,„  +  r-.  cos  2  0u  +    .  ,  ,,(24'2) 
4>„  =   vr  +  vo, 

in   which   the  arbitrary  constants  may   be  taken  to  be 
Ti,   and    ^',l.      \\  !•   might    in   fact    oijtain   v,    to,    tj,  ...    by 
substituting  this  expression  in  (24'1)  and,  after  expan- 
sion, e((iiate  to  zero  the  coefficients  of  cos  i (po- 
What    we  need   is  the  solution  of 

l)h  +  :i  '-^'  =  A  sin  (sv  +  s't  +  .s„),        (24-3) 

IIT 

where    the    term   on    the   right    is   due   to    tiie    action   of 
Sdluni. 
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Suppose  we  find  the  addition  6t  due  to  the  presence 
of  this  term  liy  the  method  of  the  variation  of  the  arbi- 
traries  I'd,  7i  on  the  assumption  that  we  can  neglect 
Sfpiares  of  A.      Tlic  e(|uation  (o  lie  solved  is 


D"-St  +3 


d-R 


A  sin  {sv  +  s't  +  .%      (24-4) 


When  ^4  =  0  two  particular  solutions  of  this  equation 
are  6r  =  dr/dpa.  8t  =  dr/dr-^.  Following  the  usual 
methods,  we  obtain  for  the  additions  to  vn  (or  <^o).  ti  due 
to  the  righl-liand  member, 


Doi 


D&<t>o  = 


A^    Bt 
Bv  d<j>o 

A  1 

Bf  d: 


sin  {sv  +  s't  +  So), 
'  sin  (sr  +  .s-'r  +  .s;,), 


wh(M-e  B  =  w/r,-  f)r,/(')ri.      These  nia>'  be  wi'ilten 

A      5 
DSrt   =    -  IT  T7  fos  (kv  +  X  t  +  .Sii), 

DS<t>(,    =    ^    Z—  VOH  {.<!V  +  .S  r  +  .So). 
rsv  OTi 

After  tlie  insertion  of  the  series  for  r,  the  former  of 
these  ('((nations  shows  that  there  is  no  lerm  in  &ti,  in 
deijendent  of  the  argument  00.  Hence  a  term  of  very 
lung  periixl  due  to  the  action  of  another  planet  does  not 
produce  a  tern  of  the  same  period  in  the  amplitude  of  the 
lihrution.  Tliis  result  is  an  extension  of  the  theorem 
of  No.  22  which  merely  showed  that  t  had  no  large 
term  of  very  long  period  while  this  shows  that  the 
amplitude  itself  has  no  large  variations  of  very  long 
period. 

It  is  true  that  ..4  may  contain  t,  but  the  form  of  the 
disturbing  function  is  such  that  the  portions  of  ^4  which 
contain  t  have  the  additional  factor  bm'^  and  that  they 
are  therefore  very  small. 

Tliis  theorem  and  its  extension  may  be  regarded  as 
the  analogue,  in  the  case  of  the  Trojan  group,  of  the 
well-known  theorem  concerning  secular  and  pseudo- 
secular  terms  in  the  major  axes  of  the  ordinary  planet- 
ary theory. 

25.  The  analogy  of  a  resonanc(>  witii  the  period  of 
the  nitration  to  the  motion  of  a  pendulum  mentioned 
in  No.  23  points  towards  the  similar  effects  which  may 
be  produced  in  the  orbits  of  other  groups  of  asteroids 
whose  mean  motions  are  nearly  commensurable  with 
that  of  Jiijiitcr.  The  Trojan  group  is  unitpie  amongst 
(hem  in  tiie  fact  thai  the  principal  part  of  the  period  of 


its  libration  depends  only  on  the  mass  of  Jupiter,  the 
other  parameters  affecting  this  period  to  a  compara- 
tively small  extent.  If,  therefore,  with  the  present 
values  of  thes(;  parameters  no  large  effects  are  exhibited, 
it  is  improbable  that  any  such  effects  will  be  produced 
for  very  long  periods  in  the  past  or  future,  if  at  all;  in 
other  words,  the  system,  so  far  as  the  longitude  is  con- 
cerned, exhibits  a  high  degree  of  stability.  It  is  not 
so  with  the  other  groups:  their  libration  periods  are 
sensitive  to  changes  in  the  eccentricities.  As  these 
periods  are  in  general  shorter  than  the  changes  of  verj^ 
long  period  in  the  eccentricities  (those  usually  called 
secular),  there  is  time  for  the  resonance,  when  it  occurs 
owing  to  changes  of  very  long  period  in  these  eccen- 
tricities, to  have  a  considerable  effect  on  the  libration. 
It  is  possible  that  an  explanation  of  the  gaps  in  the 
distribution  according  to  period,  of  the  asteroids  be- 
tween Jupiter  and  Mars  may  be  found  in  this  direction. 
The  extent  to  which  the  approximations  are  usually 
carried  does  not  and  cannot  revea,l  it  because  the  terms 
in  ((uestion  have  as  a  factor  the  product  of  the  mass  of 
Jupiter  and  that  of  another  planet.  They  must  be 
treated  not  as  small  additional  perturbations  additive 
to  the  effects  produced  by  Jupiter,  but  as  a  portion  of 
the  four-body  problem  involving  the  Sun,  Jupiter, 
the  other  disturbing  planet  and  the  asteroid,  just  as  we 
have  been  compelled  to  treat  them  in  the  case  of  the 
Trojan  group. 

26.  The  direct  effects  produced  by  Saturn  on  the 
eccentricities  and  inclinations  of  asteroids  of  the  Trojan 
group  by  long-period  terms  are  in  general  similar  to 
those  of  the  ordinary  theorj',  but  one  case  deserves 
mention,  —  the  great  inequality,  which  has  as  argument 
five  times  the  mean  longitude  of  Saturn  minus  twdce 
that  of  Jupiter,  possesses  a  daily  motion  of  its  argument 
of  about  4"  when  we  neglect  the  motions  of  the  peri- 
helia and  nodes.  The  joerihelion  of  an  asteroid  of  this 
group  has  a  daily  motion  of  about  1".  Since  the  third 
multiples  of  the  perihelia  of  Jupiter,  Saturn  and  the 
asteroid  appear  in  the  principal  terms,  and  since  the 
motions  of  the  two  former  are  comparatively  .small, 
we  have  terms  with  approximate  dail.y  motions  of  1", 
2",  3"  giving  periods  and  coefficients  differing  essen- 
tially from  those  which  we  .should  have  obtained  if  we 
had  neglected  the  motion  of  the  perihelion  of  the  aster- 
oid. The  corresponding  perturbations  of  the  eccen- 
tricity are  of  the  order  of  100".  But  there  are  obvi- 
ously terms  of  the  fifth  order  with  respect  to  the  eccen- 
tricities and  inclinations  which  have  motions  very  near 
zero,  indicating  the  fact  that  for  some  asteroids  of  this 
group,  the  eccentricities  may  vary  between  wide  limits 
in  the  course  of  very  long  periods  of  time.  Here  a  phe- 
nomenon peculiar  to  this  group  may  occur     Too  great 
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an  eccentricity  may  bring  the  asteroid  within  the  radius 
of  action  of  Jupiter,  that  is,  to  a  position  where  the 
attraction  of  Jupiter  is  greater  than  that  of  the  Sun. 
Wliat  would  then  happen  cannot  be  i)re(hcted  since  the 
present  theory  breaks  down  at  such  a  place.  We  can 
say,  however,  that  the  future  history  wdulil  lnrsi<'ly 
depend  on  the  initial  conditions,  that  Is,  on  tlic  wilucs 
of  the  constants,  and  that  the  type  of  motion  repre- 
sented liy  this  group  would  no  longer  exist.  This  ap- 
pears to  be  the  only  wa.y  at  present  in  which  (he  stabil- 
ity of  an  asteroid  of  this  group  is  threatened.  Of  course 
for  observational  purposes  within  many  thousands  of 
years  such  terms  can  be  quite  neglected  since  they  are 
absorbed  in  the  deterniinatioii  of  tlie  constants  from 
observation. 

27.  For  the  actual  calculation  of  the  direct  effect  of 
Saturn,  I  have  not  developed  the  methods  with  the 
true  longitude  as  independent  variable,  since  with  a 
few  changes  it  is  possible  to  make  use  of  the  extensive 
literal  development  of  Lkveriuek  for  tlie  action  of 
Salwn  on  Jupiter,  thus  saving  much  time  and  labor. 
The  principal  change  is  from  the  ordinary  equation 
giving  the  perturbations  of  the  mean  longitude  to  that 
represented  by  (24'4),  and  this  is  effected  without 
tlifficulty  after  the  change  from  the  true  longitude  to 
the  time  as  independent  varial)le  has  been  made. 
It  is  shown  that  in  the  developmc-nt  of  the  disturbing 
function,  the  mean  longiludc  of  the  asteroid  is  to  be 
replaced  by  I  +  r,  where  t,  is  thi^  libration  expres.sed 
in  terms  of  the  time,  and  thai  tlic  eccentricity  and 
longitude  of  perihelion  are  t(i  lie  replaced  l)y  their 
"effective"  values  (No.  17)  in  which  in  general  we  can 
neglect  the  periodic  terms  depending  on  the  argument 
<t>o.  Tlie  presence  in  r,  of  periodic  terms  witli  the  argu- 
ment of  the  libration  gives  ri.se  to  a  set  of  new  terms 
which   are   taken   care   of   l\v   the   nictliod   of   Xo.    24. 

THE    INDIRECT    ACTION    OF    SATURN 

28.  The  principal  part  of  the  tlieory  has  been  devel- 
oped on  the  assumption  that  Jupiter  moves  in  a  fixed 
elliptic  orbit.  It  is  necessarj'  to  examine  the  manner 
in  which  the  motion  of  the  asteroid  is  affected  by  the 
deviations  of  Jupiter  from  such  an  orbit  produced  by 
the  attractions  of  the  other  planets.  The  well-known 
results  of  the  perturbations  of  Jupiter  by  Saturn  show- 
that  these  deviations  are  quite  large,  the  coefficient  of 
the  great  inequality  in  longitude  being  about  20'.  In 
order  to  investigate  them  the  fundamental  equations 
given  in  No.  8  are  changed  by  altering  the  dependent 
variables.  The  new  variable  /  is  n'  (time)  -f-  e'  -|- 
perti  rbations  of  the  mean  longitude  of  Jupiter,  and  the 
new  variable  w  is  the  ratio  of  the  mean  distance  of  Jupi- 
ter with  its  perturbations  to  the  actual  radius  vector  of 


the  asteroid.  In  order  to  make  use  of  Hill's  theory 
of  Saturn  and  Jupiter*  for  the  perturbations  of  Jupiter, 
the  changes  are  made  in  the  Hansenian  form,  namely, 
as  additions  to  the  mean  anomaly  of  Jupiter  and  to  the 
logarithm  of  its  disturbed  radius  vector.  The  resulting 
additions  to  the  equations  of  motions  are  quite  simple. 

An  (>xamination  of  the  solutions  of  the  new  equations 
shows  what  might  hav(>  been  expected,  namely,  that 
nothing  is  gained  by  including  in  the  perturbations  of 
Jupiter  the  terms  of  short  period,  so  that  the  latter  are 
left  for  later  treatment.  It  is  next  shown  that  the 
equations  reduce  very  nearly  to  their  original  forms  if 
we  add  to  the  mean  longitude  of  the  asteroid,  the  same 
terms  which  have  been  added  to  the  mean  longitude 
of  Jupiter.  Thus  Jupiter  impels  on  the  motion  of  the 
asteroid  its  own  inequalities  of  very  long  period  in  longi- 
lude  (including  the  pseudo-secular  terms),  the  additional 
long  period  terms  not  so  taken  care  of  being  compara- 
tively small.  The  mean  distance  of  the  asteroid, 
however,  does  not  carry  the  corresponding  terms  in 
the  mean  distance  of  Jupiter. 

This  theorem  is  proved  only  to  the  degree  of  accuracy 
to  which  the  work  is  carried.  It  is  probal)ly  exact  for 
the  perturbations  of  Jupiter  whose  periods  are  infi- 
nitely long,  that  is,  for  secular  terms.  It  is  certainly 
not  exact  for  perturbations  of  finite  period  and  is  only 
approximately  true  for  those  whose  period  are  long 
compared  with  the  period  of  the  libration  and  in  par- 
ticular, for  the  great  inequality.  Nevertheless,  it  takes 
care  of  so  large  a  fraction  of  the  long  period  terms  that 
the  portions  which  remain  are  easily  calculated. 

An  interesting  view  of  these  terms  of  very  long 
period  is  contained  in  the  statement  that  there  are  terms 
in  longitude  with  a  given  period  depending  on  the 
product  of  the  masses  of  Jupiter  and  Saturn  in  the 
equations  of  motion  whose  coefficients  are  much 
larger  than  the  terms  with  the  same  period  depeiuling 
on  the  mass  of  Saturn  only.  For  example,  in  the  case 
of  588  Achilles,  the  ''great"  inequality  due  to  the  direct 
action  of  Saturn  (which  belongs  to  the  latter  class)  is 
found  to  have  a  coefficient  of  less  than  20",  while  that 
portion  due  to  the  indirect  action  of  Saturn  (of  the 
former  class)  has  a  coefficient  of  about  1200".  This 
result  seems  to  be  a  peculiarity  of  the  Trojan  group 
which  in  .several  ways  takes  an  intermediate  jjlace 
between  ordinary  satellite  theory  and  ordinary  planet- 
ary theory. 

The  only  remaining  important   terms  in  the  motion 
of  Jupiter  which  have  to  be  considered  are  those  with 
periods   nearly   ecjual    to    that    of   Jupiter.     Thes(>    are  . 
inserted  in  the  eciuation  for  K  where  they  nioiic  produce 
sensible  terms  and  are  finally  expressed  as  ciiiuiges  in 

*AmeT.  E-pti.  Papers,  vol.  4;    Coll.  Works.,  vol.  I!. 
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the  eccentricity  and  longitude  of  perihelion  of  Jupikr 
but  with  smaller  coefficients  than  in  the  motion  of 
Jupiter. 

TRANSFORMATION    TO    THE    TIME    AS 
INDEPENDENT    VARIABLE 

29.  As  stated  earlier,  this  transformation  is  not  nec- 
essary for  the  ordinary  use  made  of  the  results  of  the 
theory.  But  the  comparison  of  the  formulae  with  the 
two  variables  is  of  some  interest.  The  method  itself, 
being  of  general  application  to  planetary  theory  and 
quite  simple  to  carrj'  out,  is  reproduced  here. 

Lagr.\nge  has  shown  that  if 

2/  =  Z  +  /  (y) 

where  /  (y)  contains  a  small  factor,  then  y  can  be  ex- 
pressed in  terms  of  z  by  means  of  the  series 


+ 


3!  f/Z 


,   j  J  (Z) 


+ 


(29-1) 


The   final   form   of  the   eciuation   for  expressing   the 
lime  in  terms  of  the  true  longitude  is 

t  =  V  -  r  ~  {\  ~  Dt  )E,  +  M,  (29-2) 

where  t  is  the  libration  expressed  as  a  periodic  funtion 
of  i\  Dt  =  dr/dv;  E„  is  the  equation  of  the  centre 
expressed  in  terms  of  the  eccentricity  e  and  the  true 
anomaly  v  —  m"  (see  No.  17);  and  5t  consists  of  terms 
having  the  factor  tn  and  being  at  least  of  the  first  order 
with  respect  to  the  eccentricities  and  inclination.  It 
follows  from  the  earlier  work  that  De,  eDm"  have  the 
propertv  just  stated  for  St,  and  that  D't  has  the  factor 

Denote  the  variable  present  in  r  by  the  functional 
form  T  (r)  and  write  (29'2)  in  the  form 

V  ~  T,  +  8t  =  t  +  r(r)  -  £•,  Dt  (v), 

or  iK^glccting  St  '  Dt  and  derivatives  of  r  higher  than 
the  second, 

V  -  E„  -\-St  +  jr  E;'D'-T 

=  t  +  T  (v  -  E„  +  81  +jr  E,?D"-t). 

Put  the  left   member  of  this  equation  equal   to  /+r,, 
so  that    tlie  equation  bi-comes 

t    +    T,     =     t    +    T    {t    +    T,). 


This  is  ready  for  the  ajiplication  of  (29T)  and  gives 
<  +  r,   =   <  +  T  (0  +  y,    ^-^    j  T  (0  j     +    .  .  .  , 

which  exhibits  r,  as  a  function  of  t  and  shows  that  it 
depends  only  on  r  and  its  derivatives. 
The  equation 

V  =  t  +  Ti  +  E,  -  bt  -  h  e;d-\  (v) 

is  ready  for  a  second   apiilication  of  Lagrange's  the- 
orem with 


V    ,     Z    =   t  +: 


f  M 


E„  -St  -  i;  E,Wt  (v). 


Suppose  these  values  have  been  inserted.  Let  us  again 
adopt  the  device  of  No.  L5  by  putting  D  =  Z),-  +Do,  so 
that  Dj  acts  only  on  v  where  it  occurs  in  the  form  iv 
and  Z)„  produces  the  factor  btn'^^  at  least.  Since  we 
neglect  terms  factored  both  by  rii  and  the  cubes  of  the 
eccentricities  we  can  write 

D"E,"+'^  =  £>/'£■„"+'  for  7*   >2. 

Now  the  exi)ression 


E,  =  E,.+  ^  D,E,:^  +  ~  D,^E,?  +  ...  ,     I,  =  1  +  T„ 


is  the  formula  derived  by  the  use  of  Lagrange's 
theorem  for  the  equation  of  the  centre  expressed  in 
terms  of  the  mean  anomaly  /  +  t,  —  xs"  and  eccen- 
tricit^y  e.  The  remaining  sensible  terms  are  easily 
selected. 

We  obtain  in  tliis  way 

V  =  t  +  T,  +  E,  -  bt  +  Sr, 
Si'  =  +  D„E,r-  -  -f  E,W-T  -  Di  (E,.  bt), 

where  in  e,  as",  St,  Si'  we  put  v  =  t  +  t,.  Since  all  the 
terms  in  Sv  have  m  as  a  factor  and  are  besides  of  the 
order  of  the  squares  of  the  eccentricities,  we  can  put 
in  the  expression  for  Sv. 

E„  =  2e  sin  (t  +  t,  -  m"),  D  =  d/dt,  r  =  t,. 

Thus  the  only  compiUatidii  needled  in  order  to  per- 
form the  transformation  is  that  which  is  reciuired  to 
find  T,,  Sv  and  this  is  quite  simple:  the  terms  in  Sv  are 
always  very  small  and  the  principal  part  of  t,  is  that 
obtained  by  putting  I  =  v   -\-  const,  in  t.      The   trans- 
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formations  of  .r  =  Dt,  p,  ij  air  iiiailc  l)y  simil.ii  iiuiIukIs 
and  involve  oqually  simplo  computations. 

XrMKKICAl.    .MMM.K'Al'IOXS 

30.  The  actual  compulations  necessary  to  obtain 
numerical  formula'  ready  for  tabulation  are  neither 
long  nor  difficult  if  we  are  content  with  errors  of  the 
order  of  one  or  two  minutes  of  arc  in  the  heliocentric 
longitude  within  a  century  of  the  epoch,  when  the  con- 
stants of  the  theory  have  once  been  obtained  with  the 
necessary  accuracy.  The  additional  computation  nec- 
essary to  reduce  the  error  to  10"  is  about  the  same. 
The  chief  difficulty  is  the  determination  of  the  constant 
6  from  the  observed  data,  and  the  approximations 
necessary  to  fintl  it  with  the  rc(|uir<'d  exactness  con- 
stitute a  considerable  part  of  tlic  wlioli^  work.  The 
labor  of  putting  the  calculations  into  workable  shape 
has  been  so  considerable  that  I  have  thought  it  worth 
while  to  give  detailed  instructions  in  the  memoir  for 
applying  the   methods  to  any   asteroid   of  the  group. 

For  illustration,  the  asteroid  588  Achilles  was  chosen, 
partly  because  a  fairly  good  set  of  elements  for  it  was 
available*  and  partly  because  a  rather  large  value  for 


/)  was  iiidicalcd.  'I'lic  picliniiiKiry  \\<ii'k  has  <ii\(Mi  a 
value  for  this  constant  of  .DUl,  with  a  range  for  r  from 
55°  to  08°,  the  constant  liini  in  r  being  (11°. 5. 
From  a  first  aj)i>roximatioii  with  an  inferior  set  of 
observed  elements,  1  obtained  in  lit  I 'if  a  range  of  50° 
to  72°;  LiNDKHsJ  in  1908  from  a  prciiniinarv  .set  of 
elements  obtained  a  range  of  42°. 7  to  77°.:^.  These 
dilTerences  sufficiently  illustrate  the  necessity  for  an 
accurate  theory  and  good  observed  elements. 

The  ''proper"  eccentricity  r]  is  .103  and  longitude  of 
|)erihelion  at  date  85°.  Since  bi'  is  13°  and  e'  is  .048, 
we  obtain  the  ''effective"  eccentricity  .150  and  longitude 
of  perihelion  81°,  which  are  not  very  different  from  the 
osculating  elements.  Since  the  perturbations  of  the 
inclination  and  of  llir  noile  are  small,  the  osculating 
values  of  these  lattei'  elements  are  not  \er\'  different 
from  their  mean  values  at  date. 

These  luimerical  results  are  provisional. 

*Uy  J.   M.  V.   H.\N.sEN,  CopinhMji-H  Ohx.  PuhL,  No.  29. 

t.U.  .V.  vol    72,  J).  ()17. 

\Ark.K.  Sr.   AK.  Slo,4;hi,lm.   Harnl  4.   Xo.  20. 


Yale  I  'nirersily, 
U)2.i,  May  SI. 


ON   THE  AC'CURACY   OF  TIME   DETERMINATION,* 

By   H.   R.    M0RG.\N. 
[C()innuiiiieale<l  hy  ('.\ft.\in  W.  D.  .M acDoug.^ll,  U.  S.  Navy,  Superintendent,  I'.  S.  Navul  Observatory. | 


Recent  intercomparisons  of  wireless  time  signals 
show  rather  large  variations  in  the  time  from  one 
observatory  as  compared  with  that  from  others,  and 
suggestions  have  been  made  that  such  variations  may 
be  due  to  the  astronomical  observations.  Some  of  the 
results  of  investigations  along  this  line,  especially  as 
hearing  upon  the  performance  of  large  instruments 
may  be  indicated. 

The  determinations  of  time  from  astronomical 
observations  may  .be  separated  into  two  da.sses  — 
provisional  and  definitive.  When  it  is  desired  to  send 
out  a  signal  which  itself  indicates  true  time,  sucdi  as 
required  by  business,  commerce,  and  navigation,  it 
becomes  necessary  to  predict  corrections  to  the  stand- 
ard clock  from  provisional  observations  and  reductions 
for  a  few  days,  or  even  for  a  longer  period  depending 
upon  the  weather,  and  to  set  a  transmitting  clock  as 
near  as  possible  to  true  time.  The  determinations  of 
time,  in  general,  used  for  such  purpo.ses  are  quite  pro- 
visional.    With  the  smaller  instruments  an  attempt  is 

*Rta<i  before  the  1923  meeting  of  the  American  Geophysical 
Union- 


made  to  eliminate  errors  of  coUimation  and  chunp 
difference  by  rever.sal  each  night,  errors  of  azimuth  by 
observing  stars  both  sides  of  the  z(>nith,  and  errors  of 
personal  ecpiation  by  using  traveling  wires.  The 
larger  instruments  ari'  reversed  only  occasionally  or 
not  at  all.  With  these  the  coUimation  is  determined 
by  opposing  collimators;  the  azimuth  from  observa- 
tions of  two  or  three  pole  stars,  in  some  cases  by  inter- 
mediate use  of  meridian  marks;  and  the  clamp  terms 
are  neglected.  Some  of  the  instruments  have  travel- 
ing wirefe,  and  with  others  there  arc  machines  for 
determining  personal  eciuation.  Smaller  instruments 
use  spirit  levels  and  larger  ones  determine  their  levels 
over  mercury.  Among  errors  .usually  neglected  in 
provisional  work  are  those  due  to  variation  of  azimuth, 
variation  of  personal  equation,  errors  in  star  places 
and  preliminary  clock  rates,  and  chronograph  errors 
arising  from  adjustments  of  relays  and  varying  battery 
currents  csjjecially  as  affecting  the  make-circuit  relays 
introducetl  with  the  traveling  thread  micrometers,  and 
finally  errors  in  transmission  and  reception  of  signals. 
Errors  in  star  places,  systematic  and  ai^cidental,  are  of 
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the  order  of  0'.02.  Probably  the  best  positions  avail- 
able now  are  those  recently  derived  by  Prof.  Eichel- 
BERGER,  and  published  in  the  American  Ephemeris 
1925.     These  places  are  now  being  used  at  Washington. 

In  the  definitive  work  azimuth  and  its  variation  arc 
determined  by  means  of  meridian  marks  the  positions 
of  which  are  determined  from  large  numbers  of  observa- 
tions of  circumpolar  stars  with  an  elimination  of  star 
place.  These  meridian  marks  are  very  stable,  and 
errors  in  azimuth  determinations  are  noticeably  much 
smaller  when  they  can  be  used.  In  the  definitive 
reductions  the  personal  equations  are  determined;  the 
solutions  for  clock  rate  extend  over  longer  periods; 
definitive  positions  of  clock  stars  are  used;  examina- 
tions for  clamp  differences  are  made;  and  erratics  in 
clock  and  chronograph  systems  studied.  Corrections 
for  .-^uch  errors  may  be  applietl  in  longitude  work  if 
the  provisional  observations  arc  so  planned. 

Large  oljservatories  are  now  equipped  witli  moilcrn 
self-winding  clocks  sealed  in  glass  cases  under  constant 
pressure,  and  kept  in  clock  vaults  at  constant  tem- 
perature. An  example  of  the  running  of  such  clocks 
is  furnished  by  one  of  the  clocks  at  the  Naval  Observa- 
tory in  1905  who.se  plotted  clock  corrections  on  83 
nights  extending  over  a  period  of  five  months  deviate 
less  than  OM  from  a  straight  line. 

An  examination,  (.4.s/?-.  Jour.  No.  811),  of  the 
differences  in  clock  corrections  taken  a  number  of  hours 
apart  on  839  nights  from  1903  to  1921  shows  that 
there  is  practically  no  daily  variation  in  the  clock 
corrections  determined  with  the  9-inch  transit  circle 
at  the  Naval  Observatory,  and  that  the  clocks  ha\'e 
the  same  rate  day  and  night. 

An  examination  of  the  differences  in  clock  correc- 
tions taken  a  number  of  hours  apart  on  2340  nights  in 
the  last  20  years,  using  results  from  both  transit  cir- 
cles, shows  that  there  is  no  certain  variation  in  such 
corrections  as  large  as  0\002  depending  upon  the  hour 
angle  of  the  Moan. 

As  all  observers  find  that  the  best  of  clocks  occasion- 
ally change  their  rate  unexpectedly,  it  is  good  practice 
to  keep  two  or  more  clocks  running  and  compared 
regularly.  One  of  the  Riefier  clocks  at  the  Naval 
Oliservatory  varied  0''.3  from  its  normal  in  two  days 
in  March,  and  0".5  in  two  or  three  days  in  August  1921. 
Such  erractics  in  the  clock  cause  outstanding  accidental 
errors  in  time  signals,  but  they  become  known  by 
subsequent  observations. 

The  behavior  of  certain  instruments  is  sIkjwii  in 
what  follows. 

A  comparison  has  Ix^-n  made  of  the  definitive  dock 
corrcclions  taken  al)out  eight  hours  ai)art  on  the  same 
night  by  different   observers,  or  about  fourteen  hours 


apart  on  succeeding  nights  bj'  the  same  observer,  on 
1026  nights  from  1903  to  1921,  with  the  9-inch  transit 
at  the  Naval  Observatory.  When  corrected  for  per- 
sonal equation,  these  clock  corrections  were  reduced 
to  the  same  time  by  means  of  adopted  clock  rates  and 
their  differences  taken.  There  is  but  one  difference 
exceeding  0^1  in  the  18  years,  the  average  difference 
being  0".03.  Apparently  observations  on  this  instru- 
ment reproduce  themselves  within  0^03  as  far  as 
accidental  errors  go.  To  examine  for  systematic 
errors  also  another  comparison  has  been  made,  (Astr. 
Jour.  No.  817),  using  clock  corrections  taken  within 
a  few  hours  of  each  other  on  the  same  night  with  the 
9-inch  transit  and  the  6-inch  transit.  During  the 
period  1913.5-1918.5  clock  corrections  were  deter- 
mined nearly  simultaneously  on  the  two  instruments 
on  397  nights.  The  differences  in  these  clock  correc- 
tions show  marked  discontinuities  at  each  reversal  of 
either  instrument.  The  average  change  at  12  reversals 
of  the  9-inch  was  0'\06  with  a  variation  of  0'.03  from 
this  mean;  and  the  average  change  at  49  reversals  of 
the  6-inch  was  0M2  with  a  variation  of  0^06  from 
this  mean.  These  clamp  differences  were  taken  only 
at  times  when  one  instrument  was  reversed  and  the 
other  was  not  —  the  6-inch  was  reversed  more  frequent- 
ly than  the  9-inch  —  and  moreover  they  resulted  from 
observations  of  equatorial  stars  only.  After  applying 
mean  values  for  clamp  differences  there  arc  but  four 
of  the  397  differences  as  large  as  0".!;  and  when 
formed  into  29  groups  of  a  few  weeks  each  the  largest 
group  difference  is  0".07  and  the  average  group  differ- 
ence 0'.02.  The  probable  error  of  a  determination  of 
a  clock  correction  on  either  instrument  is  ±0^014. 
These  instruments  are  thus  found  to  hold  together 
for  the  five  years,  and  the  comparison  shows  the  dis- 
continuities at  reversal  which  must  be  taken  account 
of  in  absolute  time  or  longitude  work,  but  which  may 
not  be  known  in  provisional  work  within  O'.l.  ■  In- 
cidentally it  was  found  that  the  introduction  of  a  new- 
relay  system  in  the  standard  clock  circuit  in  1915 
changed  the  relative  clock  corrections  on  these  two 
instruments  by  0^05. 

The  next  comparison  given  is  thai  from  four  instru- 
ments. During  the  Paris- Washingtc^  longitvide  ilcter- 
mination  Oct.  1913-Apr.  1914,  the  9-inch  transit, 
the  6-inch  transit,  and  two  3-ineh  Prin  transits  were 
being  used  simultaneously  at  the  Naval  Observatory. 
The  9-inch  and  6-inch  instruments  are  permanently 
mounted  in  identical  large  buildings,  the  instruments 
being  from  15  to  30  feet  from  the  3-foot  meridian 
openings.  The  3-inch  transits  were  mounted  in  small 
houses  with  low-  roofs  the  two  halves  of  which  moxc 
off   leaving   the   instrunuuits   largely    in    tlic    open    nil-. 
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Tlicse  latter  instruments  liavc  motor  ilriven  travoliiiji; 
wires,  and  were  reversed  in  the  niidilie  of  eaeli  obser- 
vation, and  with  them  observations  of  zenith  stars 
were  t alien.  The  azimuths  of  all  instruments  were 
controlled  by  readings  on  meridian  marks.  The  clock 
corrections  determined  on  the  same  nights  were  re- 
duced to  the  same  times  liy  means  of  adopted  clock 
rates,  differenced  by  pairs  of  instruments,  and  the 
mean  diflerences  for  each  half  of  the  work  taken  off. 
It  was  then  found  tluxt  the  largest  dilTerence  was 
O'.OS  for  the  two  3-inch  transits,  one  used  by  the 
French  and  one  used  by  the  Americans,  with  an  aver- 
age on  53  nights  of  0".03;  the  largest  difference  was 
0".07  for  the  9-inch  and  6-inch  instruments,  with  an 
average  on  44  nights  of  0'.02;  the  largest  difference 
was  0'.06  for  the  6-inch  and  3-inch  American  instru- 
ments, with  an  average  on  64  nights  of  0^02.  An 
extra  make-circuit  relay  was  used  with  the  chrono- 
graphs of  the  longitude  instruments,  and  the  storage 
battery  operating  this  circuit  was  found  in  a  very  run 
down  condition  at  the  end  of  the  work.  It  is  con- 
sidered that  some  of  the  small  progressive  change  of 
these  instruments  relatively  to  the  large  ones  was  due 
to  this  .relay  system.  It  appears  that  an  individual 
clock  correction  on  any  of  these  instruments  standing 
out  OM  from  the  mean  is  rarcs  that  the  average 
residual  is  less  than  0^03;  ami  that  there  is  little 
choice  of  instruments  or  houses.  It  also  appears 
that  sustained  fluctuations  of  OM  in  the  clock  correc- 
tions can  hardly  be  attributed  to  observations  reduced 
in  a  definitive  way  as  these  have  been. 

By  a  comparison  of  the  times  that  the  wirelciss  time 
signals  sent  from  Washington,  Paris,  and  Berlin  were 
received  at  Greenwich,  Uccle  and  lOdinburgh,  Prof. 
Sampson  {M.  N.,  Jan.  1922)  has  recently  shown  the 
variation  in  the  time  determined  at  each  observator,y 
as  compared  with  the  mean  of  all,  for  a  period  of  21 
months  in  1920-1921.  These  variations  amount  to 
0\3  or  O'A.  At  the  receiving  stations  clock  correc- 
tions were  interpolated,  at  the  sending  stations  extra- 
polated, and  in  all  cases  the  comparisons  depend  upon 
provisional  determinations  of  time  the  errors  of  which 
have  just  been  indicated.  As  one  is  not  dealing  here 
with  the  more  degnitive  work  as  carried  on  in  longi- 
tude determinations,  Prof.  Sampson's  conclusion  as  to 
the  bearing  of  this  comparison  on  longitude  results 
should,  therefore,  be  considerably  modified.  The 
Washington  signals  were  examined  as  follows.  The 
definitive  clock  corrections  from  observations  on  the 
9-inch  transit  were  formed  into  normals  of  a  few  days 
period,  and  plotted,  and  a  smooth  curve  drawn  through 
them.  From  this  curve  the  corrections  to  the  stand- 
ard clock  were  read  off  for  each  dav  in  the  21  months 


covered  l)y  the  comparison,  ami  Iriini  them  I  lie  cur- 
rcctions  to  the  time  signals  as  recorded  on  tlic  rludno- 
graph  by  the  transmitting  clock  were  dcdmiMl.  '{"he 
Washington  signals  as  sent  through  Annapolis  were 
received  at  Greenwich,  and  an  el(>ment  of  uncertainty 
arose  in  the  comparison  as  it  was  not  known  how  many 
signals  were  received  each  week,  or  whether  an  occa- 
sional wild  signal  was  used.  During  this  period  the 
clock  corrections  upon  which  the  Washington  signals 
were  based  were  determined  from  observations  of  stars 
near  the  zenith  with  the  6-inch  transit  circle.  This 
instrument  was  reversed  three  times,  and  by  a  com- 
parison of  the  clock  corrections  from  simultaneous 
oljservations  on  this  instrument  and  on  tlie  9-inch 
transit  circle,  as  explained  before,  the  discontinuities 
in  the  clock  corrections  at  the  reversals  of  the  6-inch 
weie  found  to  I)e:  -|-0M4,  Nov.  5,  1920;  -0M6, 
Mar.  2,  1921;  and  -(-0\08,  May  26,  1921;  and  the 
corresponding  corrections  to  the  signals  are;  -|-0".06 
before  Nov.  6;  -0^08,  Nov.  6  to  Mar.  1;  -|-0\08 
Mar.  2  to  May  25;  and  0».00  from  May  26.  With  the 
application  of  these  corrections  the  systematic  varia- 
tions in  till'  Washington  signals  largely  disappear. 
The  accick'utai  variations  wctc  also  considerably  re- 
duced liy  a])plying  the  corrections  for  interpolated 
clock  corrections,  and  using  these  two  corrections 
the  average  of  the  weekly  differences  for  Washington 
as  given  by  Prof.  Sampson  was  reduced  from  ±0'.060 
to  =t0\038.  Using  corrections  from  the  9-inch  curve 
this  average  would  liave  been  =fc0^043.  The  differ- 
ence between  I  he  two  instruments  was  ±()^028.  As 
the  two  instruments  upheld  each  other  further  cor- 
rections were  not  investigated.  The  observers,  instru- 
ments, chronographs,  instrumental  constants,  methods 
of  observing  and  reducing,  and  star  places  were  all 
different  and  independent.  It  is  possible  that  some 
local  condition  affects  results  from  both  instruments 
similarly.  As  variations  of  similar  size  appear  for  all 
observatories  it  is  considered  that  with  corrections 
which  may  be  found  from  examinations  elsewhere  the 
differences  in  the  times  for  each  observatory  from  a 
new  mean  of  all  will  tie  quite  different  from,  and 
materialh'  smaller  than,  those  first  derived.  Several 
of  the  observatories  find  outstanding  residuals  due  to 
weak  determinations  of  azimuth.  Positions  in  the 
National  Ephemerides  are  so  far  wrong  for  at  least 
two  of  the  circumpolar  stars  that  azimuths  determined 
from  them  are  in  error  by  OM,  and  these  stars  might 
be  used  for  a  number  of  weeks  at  a  time  in  azimuth 
work.  Errors  of  transmission  and  reception  of  signals 
arc  Hal  lie.  From  these  investigalinns  it  is  found  that 
the  variations  in  the  times  determined  at  large  observa- 
tories arc  more  or  less  due   to   (he   provisional   natiu'c 


N"-  825-826 


THE    ASTRONOMICAL    JOURNAL 


83 


of  the  astronomical  ohservationw  and  reductions  used; 
that  by  properly  planning  the  provisional  work  the 
variations  in  the  preliminary  times  may  be  partly 
eliminated  and  partly  corrected  for  by  later  definitive 
reductions;  and  that  longitude  determinations  need 
not  be  subject  to  such  uncertainties. 

In  conclusion  it  is  suggested  that  for  the  determina- 
tion of  time  to  be  sent  out  daily  for  commercial  or 
other  uses,  observations  of  zenith  stars  be  taken  on 
the  smaller  and  quickly  reversible  transits,  and  that  a 
study  of  the  behavior  of  such  instruments  over  long 


periods  be  made  by  comparisons  with  standard  observa- 
tory instruments. 

It  has  also  been  suggested  that  fixed  observatories 
equipped  with  standard  instruments  under  constant 
study  receive  a  few,  and  the  same,  signals,  month  after 
month,  year  after  year,  under  all  conditions  of  temper- 
ature, and  at  all  seasons.  The  data  so  accumulated 
would  doubtless  prove  of  great  value  in  the  deter- 
mination of  longitudes,  and  for  the  determination  of 
variations  of  longitude  coordinate  with  the  variations 
of  latitude. 


PROPER-MOTION   OF  B.D.  +U°  2374, 

By   R.   H.   tucker. 


The  star  B.  D.  -(-14°  2374,  magnitude  7.0,  has 
recently  been  observed  here  with  the  meridian  circle. 
The  position  for  1923.0  is  given  below,  with  those  of 
several  earlier  catalogues,  from  which  the  approximate 
values  of  the  proper-motion  have  been  derived. 


Proper-motion, 


Lirk  Ohscrrainry, 
May  2J,,  1933. 


fia   =    -0\0135 
m5  =  -f0".022 


=  0^00l0, 
=  0".002. 


Cat.       Epocli 


R.  A.  1923.0 


W.  R. 

Bonn  VI 
Lei  p.  A.  (I. 
CI.  I 

01.  II 

Lick 


1825 
56.3 
69.8 
70.2 
74.3 
88.7 
86.9 

1923.37 


11'"  15" 


'  7^52 
6.83 
6.66 
6.76 

6  .71 

6  .068 


+ 


Dccl. 

13°48'41".2 
42  .8 
42   .8 


42   .34 


42  .66 

43  .67 


PHOTOGRAPHIC  DETERMINATION  OF  THE  POSITIONS  OF  STARS  IN  THE  FIELD 
OF  THE   LUNAR  ECLIPSE   OF   1924,   AUG.   14, 

By  T.  p.  BHASKARAN. 


At  the  request  of  Mr.  L.  J.  Comrie,  who  intends  to 
publish  predictions  in  the  British  Astronomical  Asso- 
ciation's Handbook  for  1924,  the  places  of  stars  situated 
in  the  region  of  the  lunar  eclip.se  of  1924,  Aug.  14, 
were  determined  at  this  observatory.  Four  photo- 
graphs of  the  field  were  taken  with  the  Astrographic 
Equatorial  and  were  measured  and  reduced  in  the  same 
manner  as  those  for  the  'Carte  du  cieV.  The  details  of 
the  plates  are  as  follows 

TABLE    I 


Date      Plate  No.           Centre 

R.  A.           Decl. 
1922                      1900.0         1900.0 

Hour  Anglt 

Exposures 

Nov.  14    2025    21'>32'" 

-14°  0' 

1"35'"W 

12A-,6™&1 

Nov.  15    2027    21  32 

-14  40 

1   13   W 

12  ,   6  &1 

Nov.  15    2028    21  38 

-13  50 

1  34   W 

10  ,   6   &1 

Nov.  14    2026    21  38 

-  14  30 

2    4   W 

15  ,   6   (fel 

Only  stars  showing  the  1  minute  image  cpiite  distinctly 


were  measured  on  these  plates.  Each  was  measured 
independently  by  two  observers,  both  in  the  direct  and 
reverse  positions  under  the  miscroscope. 

The  reductions  were  performed  by  the  wc^ll  known 
Turner  method  adopted /or  the  'Carte  du  cieV  plates; 
the  positions  of  the  reference  stars  (about  25  in  number 
on  each  plate)  were  obtained  from  the  A.G.  Catalogues, 
Cambridge,  U.  S.  A.  and  Washington.  The  residuals 
Hyd. — A.  G.  C.  were  generally  small;  the  mean 
differences  irrespective  of  sign  were 


Ax 
0'.058 


0".59 


excluding  six  stars  which  have  rather  large  residuals; 
of  these  the  star  B.D.  -  14°  6102  =  42  Capricorni 
appears  in  all  the  four  plates.  The  P.  M.  derived  from 
the  residuals  is  27"  per  centurj^  in  angle  202°,  which 
agrees  fairly  well  with  those  given  by  Boss  and  Porter. 
The  following  table  gives  the  positions  of  67  stars  in 
the  region  brighter  than  9.5  magnitude  in  the  B.  D. 
scale. 
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TABLE   II 


No. 

li.lJ.   Numbir 

Mag. 

U.  A.  (IIIOO) 

Doe.  (I'.KH)) 

6s 

I 

-14  00G4 

9.4 

h  m  s 

21  28  15.32 

1431  :;n 

2 

-14  GOGo 

9.3 

21  28  17.74 

14  10  40.8 

2 

3 

-14  G071 

9.3 

21  28  58.93 

14  5  21.1 

1 

4 

-  1  1  (1072 

8.8 

21  29  15.98 

14  21  0.0 

2 

5 

-14  G073 

9.3 

21  29  1G.77 

14  28  18.2 

2 

(j 

-14  G074 

9.3 

21  29  36.85 

14  29  39.6 

1 

7 

-14  (i()7r> 

9.5 

21  30  15.18 

14  30  29.8 

2 

8 

-11  (i()7G 

9.4 

21  30  36.78 

14  8  24.9 

2 

<) 

-14  G077 

9.0 

21  30  42.98 

14  18  54.5 

2 

10 

-14  G078 

8.7 

21  30  56.98 

14  25  32.2 

2 

11 

-  14  G081 

9.0 

21  31  35.78 

14  17  34.9 

2 

12 

-14  G082 

9.0 

21  31  3G.14 

14  25  31.7 

2 

13 

-13  o97G 

9.1 

2132  1.34 

13  15  36.2 

1 

14 

-13  5977 

9.4 

21  32  10.93 

13  21  33.4 

1 

lo 

-14  G085 

9.5 

21  32  17.34 

14  45  17.2 

2 

IG 

-13  5979 

9.5 

21  32  23.56 

13  12  19.0 

1 

17 

-15  G025 

9.3 

21  32  28.20 

15  2531.3 

1 

18 

-14  G08G 

9.2 

21  32  30.59 

13  .■)!  11.4 

2 

19 

-13  5980 

9.0 

21  32  40.28 

13  40  4.4 

2 

20 

-  1 5  G027 

7.2 

21  32  45.09 

15  21  37.6 

1 

21 

-14  G087 

9.5 

21  32  47.48 

14  3931.3 

2 

22 

-14  G088 

8.0 

21  32  48.G4 

13  58  59.2 

2 

23 

-14  G089 

9.3 

21  33  5.59 

13  53  7.7 

2 

24 

-14  G090 

9.2 

21  33  8.98 

14  0  16.3 

2 

25 

-14  G093 

9.4 

21  33  39.70 

14  11  37.0 

2 

20 

-13  5982 

9.2 

21  33  41.91 

12  IS  9.5 

I 

27 

-14  G094 

7.0 

21  33  47.91 

14  20  10.9 

4 

28 

-14  G095 

8.2 

21  33  47.78 

14  30  34.9 

4 

29 

-13  5983 

9.2 

21  33  52.15 

13  32  32.2 

2 

30 

-13  5984 

9.5 

21  34  4.89 

13  3  50.4 

1 

31 

-13  5985 

8.3 

21  34  13.19 

13  4  28.4 

2 

32 

-14  G09G 

9.1 

21  ;34  23.10 

14  3  19.1 

4 

33 

-15  G030 

9.1 

21  34  37.28 

15  26  11.1 

2 

34 

-13  5988 

9.4 

21  34  59.87 

12  59  10.3 

1 

Coluiiiiis  2  and  3  givo  'ihc  B.  D.  nmntx'i-  aii<l  li.  J). 
niagniliKk'. 

Coiunins  4  and  5  give  tlic  !{.  .\.  and  Dcd.  I'<ir  llic 
{•pocli  1900.0,  computetl  from  I  lie  reel  angular  coor- 
dinates. Tlio  ronversion  lo  ('(juatorial  coordinates  was 
performed  hy  mean.s  of  the  formula'  and  tables  given 
hy  Hnatkk  in  A.  N.  4329. 

Column  6  shows  the  number  of  plates  from  which 


No. 

III).  Nvimber 

Mag. 

R.  .\.  (1900) 

Dec.  (1900) 

35 

-15 

6033 

8.5 

h  m   s 

21  35  8.46 

14  50  2.2 

4 

36 

-15 

6034 

9.1 

21  35  16.69 

15  9  7.3 

2 

37 

-14 

6099 

9.1 

21  35  23.30 

14  3  27.6 

4 

38 

-14 

6100 

9.4 

21  35  44.05 

14  28  11.0 

4 

39 

-15 

6035 

9.4 

21  35  45.16 

15  26  34.4 

2 

40 

-13 

5990 

9.3 

21  35  50.01 

12  50  40.4 

1 

41 

-14 

6101 

8.9 

21  35  53.16 

14  23  21.6 

4 

42 

-15 

6037 

7.2 

21  35  59.84 

15  17  46.0 

2 

43 

-14 

6102 

5.5 

21  36  6.47 

14  29  43.0 

4 

44 

-13 

5991 

9.3 

21  36  14.49 

13  26  28.8 

1 

45 

-14 

G103 

8.7 

21  36  17.30 

14  38  53.7 

4 

46 

-13 

5992 

9.4 

21  36  17.40 

13  42  6.6 

2 

47 

-13 

5993 

9.2 

21  36  32.07 

12  .50  22.7 

1 

48 

-15 

(i040 

9.0 

21  36  38.56 

15  4  33.2 

2 

49 

-14 

6104 

9.4 

21  36  38.64 

14  18  36.8 

2 

50 

-15 

6041 

9.4 

21  36  48.09 

15  5  4.1 

1 

51 

-15 

6042 

9.0 

21  37  7.40 

15  13  57.0 

1 

52 

-13 

5999 

9.4 

21  37  11.41 

13  25  41.1 

1 

53 

-14 

6107 

9.3 

21  37  14.28 

14  25  58.4 

2 

54 

-14 

6110 

9.1 

21  37  32.59 

14  7  41.2 

2 

55 

-15 

6045 

9.3 

21  37  35..52 

15  19  3.0 

1 

56 

-15 

6046 

6.2 

21  37  37.07 

14  51  24.4 

2 

57 

—  15 

6047 

9.4' 

21  37  37.83 

15  1  13.7 

1 

58 

-13 

()002 

9.5 

2 1  37  52.36 

13  43  33.4 

2 

59 

-15 

()048 

9.1 

21  37  56.95 

15  35  57.9 

1 

()0 

-14 

6111 

9.1 

21  37  57.85 

14  37  33.7 

2 

61 

-14 

6113 

8.!) 

21  38  34.60 

14  24  28.9 

2 

62 

-14 

6114 

8.9 

21  39  19.42 

14  25  10.0 

2 

63 

-14 

6115 

9.5 

21  39  49.51 

14  22  20.2 

2 

64 

-14 

6116 

8.7 

21  39  52.36 

14  8  9.1 

2 

65 

-14 

6119 

8.7 

21  40  2.51 

14  G  5.7 

2 

(j() 

-14 

6124 

9.3 

21  41  24.38 

13  58  25.0 

2 

67 

-14 

6125 

9.0 

21  41  46.92 

13  57  55.2 

2 

the  po.-^ilions  lia\('  Ijccii  derived. 

The  positions  of  stars  fainter  than  9..")  mag.  are  not 
given  as  there  is  doubt  whetiier  mucli  weight  can  lie 
attached  to  observations  of  occullalions  of  stars  fainler 
than  this  magnitude. 

Niziimiah  Ohsirratory,  lIi/ilrriilKut  (Dcccan),  Iiulia, 
1923,  March. 
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OBSERVATIONS   OF  COMETS  AND   MINOR  PLANETS, 

MADE    WITH   THE    433  MM.    UEFRACTOIt    OF    LA  PLATA    OBSERVATOKY, 

By   BERNHARD   H.    DAWSON. 


Date,    G.  M.  T. 

* 

Comp. 

COS  8  ■  Aa 

Aa 

aS 

a  1921.0 

8  1921.0 

log 
in  a 

in  0 

(965)  Angelica 

1921 

s                          '         " 

h     m       s 

o        ,      „ 

Nov.      7.52203 

1 

8,8 

242."0 

+ 

16.49 

+  3  35.4 

0  29  47.40 

-12    11  25.3 

8.965W 

0..531n 

8.56544 

2 

10,10 

179.   6 

+ 

12.24- 

-3  54.6 

29    8.65 

12      3  38.9 

8.713 

0.531n 

18.52959 

3 

10,10 

277.    2 

- 

20.16 

+  5    0.0 

0  24  23.58 

-10    39  47.2 

8.510 

0.555?t 

' 

Co 

met  1922  a  (Reid) 

1922 

1922.0 

Fob.       I.e.  1936 

4 

10,10 

184.   8 

+ 

15.16 

-4  .58.9 

9  46  15.26 

-35    40  48.7 

9.472W 

9.622« 

3.55155 

5 

10,10 

67.   2 

— 

5.54 

-2  13.5 

44  11.81 

-36      1    2.2 

9.671n 

0.157n 

4.62220 

6 

10,10 

253.   7 

+ 

20.97 

+  3  35.8 

43    2.92 

11  10.0 

9.405n 

9.202n 

5.59607 

7 

10,10 

228.   5 

+ 

18.92 

+  4.56.2 

42    0.12 

19  44.2 

9.517n 

9.664?) 

6.59080 

8 

10,10 

55.   6 

- 

4.61 

-2  35.8 

40  55.98 

27  53.0 

9.526n 

9.672n 

9.70312 

9 

10,10 

78.  8 

+ 

6.56 

-0  55.3 

37  35.64 

49  10.6 

9.031 

9.401 

10.72940 

10 

10,10 

2.°44 

+ 

0.44 

+  2    5.1 

36  29.69 

-36    54  51.9 

9.3.35 

8.67 

12.55211 

11 

10.10 

178."9 

+ 

14.94 

+  1     2.5 

34  35.42 

-37      3  22.5 

9.594/i 

9.837n 

13.50768 

1? 

10,10 

213.   7 

- 

17.86 

-0  51.9 

33  35.74 

7    3.7 

9.696?i 

0.180/1 

13.52338 

13 

10,10 

169.   8 

+ 

14.19 

-0  .38.9 

33  31.89 

7    7.9 

9.663n 

0.068?i 

14.58084 

14 

10,10 

108.    1 

- 

9.04 

-0  21.6 

32  29.46 

10  32.5 

9.448n 

9.091n 

15.65524 

15 

10,10 

167.   3 

+ 

14.00 

-5  11.3 

31  24.17 

13  22.8 

7.079 

9.583 

20.65737 

16 

10,10 

231.   8 

+ 

19.42 

-5  35.7 

26  34.88 

18    6.9 

8.889 

9.555 

20.69282 

17 

10,10 

75.   3 

+ 

6.32 

+  2  16.0 

26  32.80 

18    4.9 

9.320 

9.103 

23.52636 

18 

10,10 

109.   3 

+ 

9.16 

+  3  31.9 

24    2.93 

15    0.0 

9.555n 

9.666n 

26.56300 

19 

10,10 

129.   9 

— 

10.86 

-3  35.9 

21  34. .57 

7  30.2 

9.306n 

9.067 

27.-587 17 

20 

10,10 

108.  2 

+ 

9.04 

+  1    8.5 

20  48.22 

4    6.1 

9.005n 

9.474 

27.60741 

21 

10,10 

303.   1 

+ 

25.32 

-1  31.8 

20  47.20 

-37      4    1.8 

8.390/1 

•9.551 

Mar.      1.66662 

22 

10,10 

356.°36 

- 

0.96 

+  3    0.3 

19  18.95 

-36    55  52.9 

9.342 

8.595 

1.68310 

23 

10,10 

186.  21 

— 

0.61 

-1    6.7 

19  18.19 

55  50.0 

9.442 

9.166/? 

1.69952 

24 

10,10 

49."7 

— 

4.14 

-0  57.7 

19  17.42 

55  45.5 

9.519 

9.572/i 

2.64768 

25 

10,10 

137.  3 

+ 

11.44 

-0  49.8 

18  39.61 

51  26.9 

9.212 

9.219 

2.66721 

26 

10,10 

31.   5 

— 

2.63 

-1    2.8 

18  38.73 

51  21.9 

9.367 

8.016// 

2.68206 

27 

10,10 

355.  °32 

- 

0.94 

+  2  18.0 

9  18  38.12 

51  15.8 

9.4.53 

9.267?i 

3.()0461 

28 

10,10 

2.  30 

+ 

0.50 

+  2  30.0 

9  IS    3.00 

-  30    46  46.0 

8.129 

9.497 

(85) 
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Date,   G.  M.  T. 


)S  8  ■  Aa 


a8 


a  1922.0 


8  1922.0 


log  p  •  A 
in  a  in  8 


1922 
Mar. 


Dec. 


3.02(525 

29 

10,10 

5.67257 

:;t) 

10,10 

5.6S589 

31 

10,10 

5.70219 

32 

10,10 

6.59819 

33 

10,10 

6.61138 

34 

10,10 

7.61830 

35 

10,10 

7.64051 

36 

10,10 

8.74148 

37 

10,10 

8.77450 

38 

10,10 

15.48244 

39 

10,10 

15.49867 

41 

10,10 

17.50043 

42 

10,10 

17.51345 

43 

10,10 

19.55700 

44 

10,10 

20.49785 

45 

10,10 

20.51559 

46 

10,10 

21.50161 

47 

10,10 

21.51738 

18 

10,10 

22.59999 

49 

10,10 

23.48470 

50 

10,10 

23.49693 

51 

10,10 

23.50936 

52 

10,10 

23.52034 

53 

10.10 

8.77369 

54 

10,10 

9.77211 

55 

10,10 

13.74586 

56 

10,10 

13.78291 

57 

16, 

13.80656 

58 

8.8 

15.72857 

60 

10,10 

15.77653 

61 

18, 

15.77665 

62 

17, 

17.73637 

63 

10,10 

18.72662 

64 

10,10 

18.75598 

65 

10,10 

21.73693 

66 

10,10 

21.78158 

67 

10,10 

22.77926 

69 

10,10 

22.79483 

70 

10,10 

23.77044 

71 

10,10 

23.78177 

72 

10,10 

27.75274 

73 

10,10 

27.77213 

74 

10,10 

30.77970 

75 

10,10 

30.79749 

76 

10,10 

30.81102 

77 

15, 

Coiiiot    1922  a   (HKID)    (ContiuKcd) 


1  t.S."5 

- 

12.35 

-2  58.3 

18  2.06 

-36  46  41.4 

8.978 

9.116 

175  5 

- 

14.58 

+  1  46.8 

16  49.15 

35  36.7 

9.451 

9.344/! 

75.  0 

- 

6.23 

-0  55.0 

16  48.44 

35  32.3 

9.513 

9.607« 

190°.  07 

— 

0.58 

-0  39.1 

16  48.14 

35  27.1 

9.575 

9.836» 

42."8 

— 

3.56 

+  1  43.3 

16  19.12 

30  10.3 

8.392 

9.430 

102.  8 

+ 

8.52 

-0  35.3 

16  18.84 

30  6.2 

8.871 

9.379 

21.  6 

- 

1.79 

-2  25.8 

15  47.52 

23  54.6 

9.047 

9.2.59 

1()0.  4 

+ 

13.29 

+  1  47.3 

15  46.87 

23  45.4 

9.284 

8.456 

53.  9 

- 

4.46 

+  0  46.7 

15  14.88 

16  35.1 

9.697 

0.222» 

65.  8 

+ 

5.44 

-0  21.4 

15  13.82 

-36  16  23.9 

9.744 

0.390k 

179.  5 

- 

14.69 

-0  59.3 

12  52., 54 

-35  26  39.4 

9.467« 

9.644n 

322.  0 

+ 

26.39 

-4  14.3 

12  52.33 

26  32.1 

9.378/i 

9.393k 

24.  2 

+ 

1.97 

+  3  37.0 

12  26.79 

9  58.2 

9.327« 

9.327?( 

88.  3 

- 

7.20 

-2  21.9 

12  26.76 

-35   9  .52.4 

9.222n 

9.011k 

65.  0 

+ 

5.29 

+4  48.3 

12  8.60 

-34  52  18.3 

8.139 

8.324 

179.°96 

+ 

0.01 

-2  4.1 

12  3.09 

44  3.3 

9.291  n 

9.371H 

193.  "6 

+ 

15.70 

-4  18.3 

12  3.03 

43  55.6 

9.107n 

8.992k 

231.  5 

- 

1S.75 

+  3  53. S 

11  .58.83 

35  7.3 

9.224?; 

9.286k 

IM.  1 

+ 

14.66 

-3  10.9 

11  58.73 

35  0.9 

9.046» 

8.984  .•! 

162.  2 

+ 

13.11 

+  3  25.9 

11  .56.30 

25  16.1 

9.298 

9.462/1 

100.  3 

— 

8.09 

-0  31.5 

11  55.99 

17  15.9 

9.3 15« 

9.520k 

238.  7 

- 

19.26 

+ 1  3.8 

11  56.13 

17  4.7 

9.215n 

9.366k 

259.  2 

+ 

20.91 

-0  47.2 

11  56.27 

16  57.6 

9.078n 

9.190n 

243.  0 

+ 

19.61 

+  0  40.4 

9  11  56.05 

-34  16  51.4 

8.903n 

9.029k 

("omct  1922f/  (Skjet. 


134. 

328. 

45. 


50. 
274. 


161. 

61. 
278. 
145. 

85. 

173. 

9. 

46. 

12. 
352. 

51. 
142. 
230. 
348. 


9.71 
23.84 

3.40 
97.70 

3.74 

20.77 

151.91 

115.47 

12.43 

4.71 
21.52 
11.50 

6.76 
13.78 

0.78 

3.75 

1.02 
28.82 

4.18 
11.84 
19.18 
28.95 


-  2  32 
-4  52 

+  5  58 


+  4    2, 
-1  10 


+  2  33 
-7  2 
+4  46 
+  3  51, 
+  4  43 
+  0  6. 
-1  47. 
+  1  53. 
-0  58 
-3  24 
-1  1. 
+  2  27 
+  3  32 


LERUr) 

1932.0 
12  8  15.89 
14  8.83 
38  1.11 
38  14.43 
38  23.26 
50  9.64 
50  27.36 

12  50  27.37 

13  2  35.17 
13  8  45.22 

8  56.04 
27  35.60 
27  52.53 
34  8.30 
34  14.14 
40  22.08 

13  40  26.34 

14  5  21.32 
5  28.52 

24  10.19 
24  16.62 
24  21.46 


i92:i.() 

-22  28  32.5 
-23  21  55.7 
-26    43  15.9 

-26    46  11.2 

-28    16    7.5 


-29 
-30 
-30 
+  32 


-32 
-33 
-33 
-35 
-35 
-  36 
-36 


44  19.4 

25  36.4 

26  45.2 
21  27.7 
23  5.7 
58  11.1 
58  43.9 
31  28.2 
31  52.2 

28  50.1 

29  25.4 
41  6.9 
41  30.8 


9.672k 
9.678/f 
9.720k 
9.684n 
9.643/i 
9.736k 
9.702W 
9.702?) 
9.740n 
9.746?i 
9.734k 
9.754k 
9.725k 
9.738k 
9.7 14n 
9.754?i 
9.734?i 
9.768n 
9.758k 
9.762k 
9.746k 
9.729k 


0.535k 
0.531n 
0.572k 


0.416k 
0.608/1 


0.588k 
0.612n 
0.535k 
0.587k 
0.449  k 
0.479k 
0.397k 
0.485  k 
0.444k 
0.545  k 
0.480?) 
0.455k 
0.380k 
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Date,   G.  M.  T. 

* 

Comp. 

cos  B  ■  Aa 

Aa 

AS 

a  1923.0 

8  1923.0 

log  p '  A 
in  a              in  S 

1923 
Jan.        2.78145 

Comet  1922f/  (Skjellerup)  — 

(Contumed) 

78 

10,10 

58.   0 

+ 

4.88 

-5  16.1 

h     m       s 

14  42  33.10 

-37 

38  50.3 

9.770« 

0.455/1 

2.79746 

79 

10,10 

329.   2 

- 

27.71 

-2  38.7 

42  38.87 

39    6.9 

9.756n 

0.385/i 

3.73176 

80 

12,12 

32.   1 

+ 

2.71 

+  2  10.5 

48  18.16 

-37 

54  17.4 

9.785n 

0.628/1 

4.73510 

81 

12,12 

133.  8 

+ 

11.34 

+  1  43.0 

14  54  19.67 

-38 

9  16.9 

9.786/1 

0.621// 

5.75604 

82 

12,12 

166.   0 

- 

14.11 

-7    2.5 

15    0  24.14 

-38 

23  10.3 

9.787/1 

0.558// 

10.75199 

83 

12,12 

178.°55 

+ 

0.77 

-6  14.4 

29  18.01 

-39 

11  38.9 

9.793/i 

0.587// 

12.74557 

84 

12,12 

112."3 

+ 

9.69 

+  5  13.8 

40  23.59 

22  49.5 

9.794/1 

0.613/! 

15.76043 

86 

12,10 

324.  6 

+ 

28.06 

-1  13.0 

15  56  37.87 

32    0.1 

9.795// 

0.575// 

16.75330 

88 

10,10 

159.   1 

+ 

13.76 

+  2  43.2 

16     1  49.67 

33     1.8 

9.795// 

0.601// 

16.78656 

89 

10,10 

43.  8 

- 

3.79 

+  1  38.9 

2    0.06 

33    6.7 

9.788// 

0.482/i 

16.80732 
16.80732 
20.75438 

90 
91 
92 

20, 
20, 
12,12 

96.  3 

+ 

91.55 

34.79 

8.33 

+  6  20.5 

2    6.50 

2    6.51 

22    0.17 

9.774/i 
9.774/! 
9.795/1 

0.607// 

29    7.3 

23.80358 

94 

12,12 

148.   9 

+ 

12.84 

+  4  57.1 

36  31.96 

18    8.4 

9.779// 

0.432/! 

24.78907 

90 

12,12 

321.  6 

- 

27.68 

+  0  55.0 

41     3.85 

13  19.9 

9.788/1 

0.496// 

24.80696 

97 

10,10 

115.  6 

- 

9.94 

-5  59.6 

16  41     9.00 

-39 

13  14.0 

9.777// 

0.420/! 

29.77694 

98 

12,12 

302.   0 

+ 

25.79 

+  2  14.1 

17    2  50.54 

-38 

40  38.6 

9.789// 

0.551// 

Feb.       5.77674 

99 

10,10 

163.   8 

+ 

13.79 

-1  38.6 

30    9.82 

-37 

36  50.1 

9.783// 

0.559/i 

5.79780 

100 

10,10 

301.  6 

- 

25.39 

+  2  22.7 

30  14.18 

36  36.7 

9.774/i 

0.483/! 

6.81280 

101 

10,10 

217.  0 

+ 

18.21 

-4  11.3 

33  54.00 

20    3.4 

9.762/1 

0.423// 

6.82818 

102 

10,10 

200.  2 

- 

16.80 

-6  36.2 

33  57.12 

25  53.1 

9.746// 

0.352// 

7.80327 

103 

10,10 

15.  8 

+ 

1.32 

-1  15.0 

37  23.80 

15  28.2 

9.768// 

0.464/1 

7.81658 

104 

10,10 

215.   9 

- 

18.08 

-2  59.6 

37  26.65 

15  20.3 

9.757/! 

0.408/! 

8.81680 

105 

10,10 

162.   8 

- 

13.60 

+  0    0.6 

40  54.26 

-37 

4  24.8 

9.756/! 

0.408/! 

8.83042 

106 

10,10 

173.   0 

- 

14.45 

-2  21.1 

40  56.90 

-37 

4  16.9 

9.741/! 

0.345// 

13.74120 

107 

10,10 

13.   3 

- 

1.10 

-1  42.7 

56  57.12 

-36 

7  43.3 

9.772// 

0.660// 

13.76140 

108 

10,10 

58.   4 

+ 

4.82 

+  2  30.8 

17  57    0.90 

-36 

7  26.4 

9.775// 

0.606/! 

16.77187 

109 

10,10 

322.   0 

+ 

26.37 

-1  22.8 

18    6    2.43 

-35 

30  57.2 

9.771/! 

0.572// 

16.78983 

110 

10,10 

89.  6 

+ 

7.34 

+  141.9 

6    5.06 

30  41.8 

9.764/! 

0.5 14r/ 

16.80955 

111 

10,10 

112.   0 

- 

9.17 

-0  17.4 

6    8.59 

-35 

30  25.0 

9.750/1 

0.442// 

19.74366 

112 

10,10 

58.  2 

+ 

4.74 

+5  25.5 

14  22.72 

-34 

53  52.0 

9.767/i 

0.648/! 

19.75826 

113 

10,10 

184.   3 

+ 

14.97 

-7  23.6 

14  25.33 

53  44.2 

9.769// 

0.609/i 

19.77642 

114 

10,10 

154.   0 

- 

12..52 

+  1     2.8 

14  27.60 

53  28.5 

9.766// 

0.558/! 

20.74989 

115 

10,10 

147.   6 

+ 

11.97 

+4  44.1 

17    5.37 

41     6.3 

9.767/1 

0.630// 

20.76742 

116 

10,10 

255.   8 

+ 

20.74 

- 1  24.8 

17    7.81 

40  55.4 

9.767// 

0.582// 

21.76855 

117 

10,10 

86.   9 

+ 

7.03 

+  1     5.7 

19  45.50 

28  11.6 

9.765// 

0.5771! 

21.78295 

118 

10,10 

81.   8 

+ 

6.61 

-1  18.1 

19  47.63 

28    0.7 

9.760/1 

0.533/i 

21.79571 

119 

10,10 

115.   8 

- 

9.36 

-1    8.8 

19  49.55 

27  49.7 

9.752// 

0.490H 

23.78178 

120 

10,10 

246.   9 

+ 

19.86 

-3  20.4 

24  52.24 

2  23.5 

9.757// 

0.534/i 

23.79880 

121 

10,10 

183. °40 

- 

0.34 

-1     9.6 

24  54.69 

2  11.1 

9,746/i 

0.477/i 

23.81946 

122 

10,10 

42".3 

- 

3.40 

+  2  49.6 

24  57.64 

-34 

1  55.1 

9.725/! 

0.399/! 

24.78892 

123 

10,10 

356.  °92 

- 

0.55 

+  2    8.9 

27  20.04 

-33 

49  29.0 

9.751// 

0.509// 

24.80114 

124 

10,10 

35".9 

- 

2.88 

-2  34.5 

18  27  21.97 

-33 

49  18.2 

9.742n 

0.467// 

(132)  Aelhm 

1923 

Fell.     24.5333 

Photogr. 

5  22  27.85 

+   0 

11  43.1 

9.344 

0.702// 

Mar.      2.48426 

125 

10,10 

146.    1 

- 

9.74 

-2    2.9 

28  46.40 

-    0 

12  37.3 

9.064 

0.697/i 

88  t  HE    A  S  T  11  O  N  0  M  I  C  A  L    J  O  U  R  N  A  T.. 

Diitc,    (,;.  M.  T,     I    ^    1       (Viinp.  cos  8  •  ; 


N"-  82'; 


a5 


a  1923.0 


8  1923.0 


log  p  ■  A 
in  a  in  8 


l!»2:i 


Ma 


.S.5030G 

126 

4.49  llJo 

127 

7.5094 

8.50186 

128 

10.55490 

129 

18.49334 

130 

14.50963 

131 

1923 
Apr. 


18.69037 

132 

24.70345 

133 

25.61394 

136 

26.65802 

(A) 

27.64756 

138 

10,10 
10,10 
Photogr. 
10,10 
10,10 
20,10 
10,10 


14,14 

14,14 

12,12 

14,9 

12,12 


(132)  Aethra  -  {Continued) 


32.   6         -      2.18     +1  32.S 
57.   9        -     3.86     -0  34.1 


87.  2 
231.    1 


273.   6 


- 

2.18 

- 

3.86 

— 

5.81 

- 

15.41 

+ 

40.98 

+ 

18.24 

270. 
09. 
15. 


240.   1 


+  1  50.3 
+  0  14.0 
+  0  44.() 
-2  20.1 


(447)  V (dentine 


19.12 

4.79 

1.09 

41.75 

10.58 


29 

.57.91 

31 

9.24 

34 

57.72 

30 

10.37 

39 

4.49 

43 

17.90 

5  44  48.00 

10  17.9 

9.245 

19  45.2 

9.172 

29  40.4 

9.331 

32  40.9 

9.298 

38  42.7 

9.530 

40  45.0 

9.299 

49  20.1 

9.393 

+  3  28.4 

-3  39.1 

-1  59.2 

-0    9.9 

+  2  25.2 

15  24  38.72 

20  28.77 

19  48.45 

19     1.49 

15  18  10.20 

5    22  40.0 

9.092« 

11    9.4 

8.360«, 

9  19.7 

9.443n 

7    8.0 

9.156W 

5      5    5.2 

9.217n 

9.697n 
0.090/1 
0.095» 
0.694» 
0.095/1 
0.092/i 
0.092/) 


0.473// 
0.409/i 
0.514n 
0.481// 
0.486/i 


Mean  Places  of   the  Comjmi-ison  Stars 


* 

a  1921.0 

8  1921.0 

Authority 

1 

h       m       s 

0  29  30.93 

-12   15     0.7 

Plates  59,  61,  62,  63,  04. 

2 

28  50.41 

-11   59  44.3 

Plates  01,  62,  63,  64. 

3 

0  24  43.74 

-10  44  47.2 

A.  (1.  Clu:  M..  80. 

1922.0 

1922.0 

4 

9  40     0.10 

-35  35  49.8 

-35=127,  142;    -30°504. 

5 

44  17.35 

-35  58  48.7 

-35  35;              -30  376. 

0 

42  41.95 

-36  14  45.8 

-36  282;            -37  655. 

7 

41  41.20 

24  40.4 

-30  200,  227;    -37  611. 

8 

41     0.59 

25  17.2 

-30  205,  220;    -37  089,  010. 

9 

37  29.08 

48  15.3 

Perth  Mer.  5,  816. 

10 

36  29.25 

-36  56  57.0 

-36°53;    -37°450. 

11 

34  20.48 

-37     4  25.0 

-36  26;    -37  405. 

12 

33  53.60 

6  11.8 

-30  6;      -37  376. 

13 

33  20.70 

0  29.0 

-36  4;      -37  374. 

14 

32  38.50 

10   10.9 

-36  30;    -37  372. 

15 

31   10.17 

S    11.5 

-37  430;  Plate  118. 

16 

26  15.46 

12  31.2 

-37  385;   Plate  118. 

17 

26  26.48 

20  20.i) 

-37  345;   Plate  118. 

18 

23  53.77 

18  31.9 

Plate  118. 

19 

21  45.43 

3  54.3 

-36°60;    -37°442;   Plate  118. 

20 

20  39.18 

5  14.0 

-36  57,    -37  429,  439. 

21 

20  21.88 

-37     2  30.0 

-30  54;    -37  471. 

22 

19  19.91 

-36  58  53.2 

-30  80. 

23 

19  18.80 

54  43.3 

-30  110;    -37=533. 

24 

19  21.56 

54  47.8 

-3j^  117;    -37  534. 

25 

18  28.17 

50  37.1 

Perth  Mer.  5,  788. 
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* 

a  1923.0 

5  1923,0 

Authority 

26 

h      m       s 

9  18  41.36 

-36  50  19.1 

-36°156;    -37°558. 

27 

18  39.06 

53  33.8 

-36  113;    -37  530. 

28 

18     2.50 

49  16.6 

-36  153;    -37  556. 

29 

18   14.41 

43  43.1 

-36  196. 

30 

17     3.73 

37  23.5 

-.36  236;    -37°628. 

31 

16  54.77 

34  37.3 

-36  280;    -37  668. 

32 

16  48.72 

34  48.0 

-36  278;    -37  666. 

33 

16  22.68 

31  53.6 

-36  276;    -37  664. 

34 

16  10.32 

29  30.9 

Perth  Me.r.  5,  784. 

35 

9   15  49.31 

21  28.8 

-36°376;  37°736. 

36 

9  15  33.58 

25  32.7 

-36  331. 

37 

15  19.34 

17  21.8 

-.36  419;    -37°765. 

38 

15     8.38 

-36   16     2.5 

-36  302,  416;    -37°762. 

39 

13     7.23 

-35  25  40.1 

*40  -303".8  +37".6. 

40 

13  32.09 

26   17.7 

Perth  Mer.  5,  781. 

41 

12  25.94 

22  17.8 

-35°276;    -36°559. 

42 

12  24.82 

13  35.2 

-35  340;    -36  602. 

43 

12  33.96 

-35     7  30.5 

-34  11;      -35  365;    -36°620. 

44 

12     3.31 

-34  57     6.6 

-34  41;      -35  439. 

45 

12     3.08 

41  59.2 

-34  89;      -35  513. 

46 

11  47.33 

39  37.3 

-34  110;    -35  540. 

47 

12  17.58 

39     1.1 

-34  HI;    -35  541. 

48 

11  44.07 

31  50.0 

-34  132;    -35  577. 

49 

11  43.19 

28  42.0 

-34  146;    -35  610. 

50 

12     4.08 

16  44.4 

-31  173;    -35  651. 

51 

12   15.39 

18     8.5 

-34  174;    -35  653. 

52 

11  35.36 

16   10.4 

-34  171;    -35  671. 

53 

9   11   36.44 
1923.0 

-34  17  31.8 
1923.0 

-34  172;    -35  650. 

54 

12     8  25.60 

-22  25  59.6 

Cord.  A.  9235. 

55 

14  32.67 

-23  17     2.8 

Cord.  A.  9303. 

56 

37  57.71 

-26  49  14.6 

*57  +80«.98  +114".5. 

57 

36  36.73 

51     9.1 

Cord.  A.  9513. 

58 

38  27.00 

50   14.1 

*59  -40'.85  +402.9. 

59 

39     7.85 

-26  56  57.0 

Cord.  A.  9538. 

60 

49  48.87 

-28   14  57.0 

*61  +113^45;   *62  +76\95  +144' 

.4. 

61 

47  55.45 

18  38.0 

Cord.  B.  8236. 

62 

12  48  31.<)0 

-28  17  21.4 

Cord.  B.  8241. 

63 

13     2  47.60 

-29  46  53.0 

Cord.  B.  8358. 

64 

8  40.51 

-30  18  22.2 

See  note. 

65 

8  34.52 

-30  31  31.3 

Cord.  B.  8408. 

66 

27  24.10 

-32  25  19.2 

-32°105,  109;    -33°273. 

67 

27  45.77 

27  49.1 

*68  -138".8  +372".6. 

68 

27  56.49 

34     1.7 

Perth  Mer.  4,  1134. 

69 

33  54.52 

58  17.1 

-32°28;            -33°213. 

70 

13  34  13.36 

-32  56  56.5 

-32  29;            -33  228. 

71 

13  40  18.33 

-33  33  21.2 

-33  102,  85;    -34  307. 

72 

13  40  27.36 

-33  30  54.0 

-33  116;           -34  323. 

73 

14     4  52.50 

-35  25  25.7 

Perth  Mer.  5,  1201. 

74 

5  24.34 

-35  28  23.9 

-35=139;    -36°421. 
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a  1923.0 

5  1923.0 

Authority 

75 

h       m       s 

14  23  58.35 

-36  43  33.9 

-36  89;      -37  279. 

76 

24  35.80 

45     3.3 

-36  90;      -37  280. 

77 

24  50.41 

-36  41  43.3 

Perth  Mer.  5,  1229. 

78 

42  28.22 

-37  33  34.2 

-37°  128. 

79 

43     6.58 

36  28.2 

-37  107. 

80 

48  15.45 

-37  56  27.9 

Cape  1880,  8095. 

81 

14  54     8.33 

-38  10  59.9 

Perth  Mer.  6,  1258. 

-    82 

15     0  38.25 

-38  16     7.8 

Perth  Mer.  1265. 

83 

29   17.24 

-39     5  24.5 

Perth  Mer.  6,  1304;    2,  1040. 

84 

40  13.90 

28     3.3 

*85,  2°.49,  ^5  =  +229".4. 

85 

40  13.02 

31   52.7 

I'erth  Mer.  2,  1057. 

86 

56     9.81 

30  47.1 

*87  +217".3  -  99".3. 

87 

15  55  51.04 

29     7.8 

Perth  Mer.  2,  1075. 

88 

10     1  35.91 

35  45.0 

*90  +60^96  +135".0. 

89 

2     3.85 

34  45.6 

*91  -37».45  +256".7. 

90 

0  34.95 

37  59.9 

Perth  Mer.  2,  1080. 

91 

2  41.30 

39     2.3 

Perth  Mer.  2,  1084. 

92 

22     8.50 

35  27.8 

*93  +100".7  +208".2. 

93 

21   59.78 

38  56.0 

Perth  Mer.  2,  1109. 

94 

36   19.12 

23     5.5 

*95  -72".2  +236".6. 

95 

3(i  25.35 

27     2.1 

Perth  Mer.  2,  1128. 

96 

41  31.53 

14   14.9 

Perth  Mer.  2,  1134. 

97 

16  41   18.94 

-39     7   14.4 

Arg.  G.  C,  22651. 

98 

17     2  24.75 

-38  42  52.7 

Perth  Mer.  6,  1431. 

99 

29  56.03 

-37  35   11.5 

-37°269. 

100 

30  39.57 

38  59.4 

-37  221. 

101 

33  35.79 

21  52.1 

-37  298. 

102 

34  13.92 

19  16.9 

-37  331. 

103 

37  22.48 

14  13.2 

-37  379. 

104 

37  44.73 

12  20.7 

-37  380. 

105 

41     7.86 

4  25.4 

-36  2;                -37°481. 

106 

41  11.35 

-37     1  55.8 

-36  3;                -37  482,  605. 

107 

56  58.22 

-36     6     0.6 

-36  738,  741;    -37  1869. 

108 

17  56  56.08 

-36     9  57.2 

-36  736,  653;    -37  1868. 

109 

18     5  36.06 

-35  29  34.4 

-35°674;        -36°1472,  1455. 

110 

5  57.72 

32  23.7 

-35  558;        -36  1395,  1362. 

111 

6  17.76 

-35  30     7.6 

-35  562;        -36  1398,  1365. 

112 

14  17.98 

-34  59  17.5 

-34  42,  1;      -35  962;    -36°1872. 

113 

14  10.36 

46  20.6 

-34  110;        -35  1222. 

114 

14  40.12 

54  31.3 

-34  44,  30;    -35  1061. 

115 

16  .53.40 

45  50.4 

-34  98;          -35  1239.  ^ 

116 

10  47.07 

39  30.6 

-34  127;        -35  1319. 

117 

19  38.47 

29  17.3 

-34  231;        -35  1532,  1180. 

118 

19  41.02 

26  42.6 

-34  288;        -35  1625,  1251. 

119 

19  58.91 

-34  26  40.9 

-34  291;        -35  1255. 

120 

24  32.38 

-33  59     3.1 

Perth  Mer.  3,  1423. 

121 

24  55.03 

-34     1      1.5 

-33°18;          -34°473;    -35°1563. 

122 

25     1.04 

-34     4  41.7 

-34  433;        -35  1519. 

123 

27  20.59 

-33  51  37.9 

-33  84,  62;    -34  573. 

124 

18  27  24.85 

-33  46  43.7 

-33  109;        -34  608. 
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* 

a  1922.0 

5  1922.0 

.\uthority 

• 

125 

h      m       s 

5  28  56.14 

-   0  10  34.4 

Plate''l72. 

126 

30     0.09 

17  50.7 

Plate  172. 

127 

31   13.10 

19  11.1 

A.  G.  Nicol.  1395. 

128 

36  22.18 

34  31.2 

Plate  173. 

129 

39   19.90 

38  57.3 

Plate  173. 

130 

42  30.92 

47  30.2 

A.  G.  Nicol.  1466. 

131 

5  44  30.42 

-   0  47     6.0 

A.  G.  Nicol.  1474. 

132 

15  24  19.61 

-15  26     8.4 

A.  G.  Wash.  5677. 

133 

20  33.56 

7  30.3 

(A)  +133^82  -31".6. 

(A) 

18   19.74 

6  58.7 

}4  (*134  +  *135  +  *136  + 

*137) 

134 

15  33.55 

4  19.9 

.4.  G.  Wash.  5627. 

135 

16  39.28 

5  45.4 

A.  G.  Wash.  5634. 

136 

19  47.36 

7  20.5 

A.  G.  Wa.sh.  5651. 

137 

21   18.78 

10  28.9 

A.  G.  Wash.  5660. 

138 

15  17  59.62 

-15     7  30.4 

(A)  -20M2  -31".7. 

NOTES 


In  those  cases  in  wliicli  llic  colunui  cos  6'Aa  is  blank, 
the  observations  were  made  by  the  method  of  transits; 
when  an  angle  is  given,  this  posit'on  angle  and  Ad  were 
measured;  in  the  remaining  cases  the  obscrvatins 
were  l^y  direct  micrometer  measurement  of  Aa  and  A5. 
All  values  of  Aa  and  A5  have  been  corrected  for  differ- 
ential refraction,  and  those  relating  to  minor  planets 
have  also  been  corrected  differentially  for  the  effects 
of  precession,  nutation  and  aberration. 

(965)  Anyelica  was  estimated  as  of  visual  magni- 
tude 14.2. 

Plates  59  to  64  Merc  measured  and  reduced  by  Dr. 
.1.  Hartmann,  using  stars  from  .4.  G.  Cambridge  M. 

Positions  from  the  Perth  Astrographic  Catalogue  are 
referred  to  by  the  declination  of  the  zone  and  the  num- 
l)cr  of  the  star  in  the  plate.     The  right  ascension  of  the 


plate  cent  re  is  not  given,  as  it  can  readily  be  found 
from  that  of  the  star. 

*64  shows  a  not  yet  well-determined  proper  motion 
of  over  0".2  annually.  It  has  been  placed  on  the  ob- 
serving list  for  the  La  Plata  Meridan  Circle,  but  no 
observations  arc  yet  at  hand.  The  place  given  is 
consequently  only  approximate. 

Plate  118  has  two  equal  exposures,  and  was  reducetl 
with  9  stars  from  the  Perth  Meridian  Catalogues. 

Plate  172  (Feb.  21)  and  Plate  173  (Mar.  7)  were 
each  reduced  with  11  stars  from  A.  G.  Nicolajew.  The 
measured  positions  of  the  images  of  (132)  .Ethra  arc 
included  with  the  visual  observations. 


La  Plata, 

19Zi,  May  11 


ORBIT   OF   COMET    1922d   (SKJELLERUP), 

By   BEHNHAUD    II.    D.\WSON. 


From  the  La  Plata  ol)servations  of  Comet  1922rf, 
three  groups  were  selected  around  the  dates,  Decem- 
ber 14,  January  23  and  February  22,  and  normal  places 
form(>d  by  means  of  the  empirical  formula 

7  =  To  +  A  it,  -  t)  +  B  {to  -  ty-, 

solved  for  each  coordinate  and  date.  Elements  I  were 
then  obtained  by  the  method  of  variation  of  the  geo- 
centric distances,  and  represented  the  middle  normal 
within  3".     But  on  comparison  of  the  individual  ob- 


servations with  an  cphe)iieri.'i  coiupuletl  from  Elements 
I,  it  was  seen  that  the  representation  was  decidedly 
unsatisfactory  both  before  and  after  the  December 
normal,  and  was  also  not  exact  at  the  normal  epochs, 
due  doubtless  to  the  errors  introduced  by  the  appli- 
cation of  the  empirical  formula  directly  to  the  coor- 
dinates. 

The  residuals  resulting  from  this  comparison  were 
grouped  into  five  normals  in  each  coordinate,  as  given 
in  the  Tal)le,  and  the  differential  coefficients  computed 
for  the  corresponding  dates  with  Elements  I  and  the 
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Elements  I 

rnements  II 

T     =  lfl2?i  Jan.  8. 

728151 

1923  Jan.  3.723191  G.  M.  T. 

w     =  264°  32'  1.")" 

15 

264°  30'  28".73              c/     =  212°  56'  52".69  )  Mean 

Q,    =  261    58    Hi 

99 

261    57   28   .41              Q,'  =  308    40  49   .57  >  Iviuinox 

(■      =     23    22    16 

.60 

23    21    58  .78             i'     =     30    12     8  .71  1  1923.0 

e      =  0.994     9005 

0.993    7347 

loj;  q    =  9.965     7111 

9.965    4794 

X  =  [9.963  62881  r  ««  (  42°  48'  36".37  +  v) 
U  =  [9.977  3994]  r  sin  (304    40   47   .54  +  v) 

Kesidual.s,  O  -  ( 

z  =  [9.701  6168J  /■  sin  (212    56   52  .69  +  v) 

Date                       I 

II 

D(>c.     8.0      -1\54  +  22".I 
Dec.   28.0     +0.98  -  10  .2 
Jan.    17.0     +0 .41  -    6  .4 
Feb.     6.0     -0.22  -    3  .6 
Feb.   22.0     -0.12  -     1   .5 

-0^52  + 
-0  .10  - 
-0.40  - 
-0.45  - 
-0.25  + 

2' 

1 

0 

0 

1 

.5 
2 

.7 
.1 
.4 

|)lyiiig  (licni,   I'^lcnicnts  11  rcsiillctl,  aiul  willi  tlicni  tlic 
rei)rescntation    of    the    normals    given    in    tiu;    Table. 
While  there  is  marked  improvement,  the  residuals  in 
right  ascension  are  still  unsatisfactory. 

Since  my   approaching  absence;  from    La   I'lala  will 
make   it   impossible   for   me   to   continue   this   investi- 
gation, I  here  present  the  results  so  far  obtained: 

formuhr  given  by  B.\uschinger  in  §146  of 

lis 

Bahn- 

Lit  I'latd, 

beslimmung.     On  solving  for  the 

corrections 

and 

ap- 

May  U,  1023. 

THE   ECLIPSE   OF   SEPTEMBER   10,    1923 

By    .\K'l'IirK    NEWTON. 
(Coiniiiunicated  by  the  SupcriutiMKlont,   I'.  S.  Naval  Obsci-vatory,  Cai-tain  \V 

On    Se|)teml)er    10, 


1). 


From  corrections  to  the  position  of  the  Momi,  which 
are  published  in  the  latest  animal  rcijort  (if  tlic  .l.s- 
tronomer  Royal,  and  which  are  obtained  from  28  ob- 
servations of  the  Moon  made;  at  (Jrcenwich  from  Jan- 
uary to  April  of  the  present  year,  and  from  similar 
corrections  which  are  obtained  from  15  observations 
of  the  Moon  made  with  the  9-inch  transit  circle  at  the 
U.  S.  Naval  Observatory  from  January  to  May  of  tlie 
present  year,  it  has  been  found  that  the  Moon'.s 
ephemeris  given  on  pages  26-133  of  the  American 
Ephemerin  and  Nautical  Ahnanac  requires  a  correction 
amounting  to  +7" A  in  mean  longitude  and  —  0".9in 
latitude. 

In  the  eclipse  data  adopted  in  the  American  Epheme- 
ris, a  correction  has  already  been  applied,  amounting  to 
-)-7".0  in  mean  logitude  and  — 0".5  in  latitude. 

The  American  Ephemeris  eclipse  data,  therefore,  in 
the  light  of  the  most  recent  available  observations, 
require  a  further  correction  of  -|-0".4  to  the  Moon's 
mean  longitude  and    —  0".4  to   the   Moon's  latitude. 


MacDougall,  v.  S.  N.) 

1923,  these  values  transform  to 
-|-0\02  in  right  ascension  and  — ()".5  in  declination. 
Applying  a  correction  of  -|-0'.  10  to  the  Sun's  right 
ascension  (see  the  Astronomical  Journal,  No.  691); 
and  the  corresjionding  correction  of  — 0".()  to  the  Sun's 
declination,  tlic  following  results  are  ol)taiiu'il: 


Th 


limr 
2». 


(if  conjunctidii   in  right,  ascension  wil 
2  later  than  the  A.  1'].  prcdiftcMJ  time; 


(he  time  ol 

3''.0  later  th: 


occurrciicr  of  total  pha.'- 
tlic  A.  E.  pre 


(■  will  lie 
licted  lin\( 


and  tlic  central  line  of  eclipse  together  willi  the 
northern  and  southrm  liniiting  curves  of  the  path 
of  total  phase  will  lie  O'.ti  of  latitude  farther  south 
than  as  ])redicle(l. 

Nautical  Almanac  OJfiu,  Washinglon, 
July  17,  1923. 
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ON   THE   RELATION   BETWEEN   ABSOLUTE  MAGNITUDE  AND  SPECTRAL  CLASS 
AS  DERIVED   FROM   OBSERVATIONS   OF  DOUBLE   STARS, 

By   KNUT   LUNDMARK    and   WILLEM   J.    LUYTEN. 


Various  ■  investigators'  have  studied  the  relation 
between  theories  of  stellar  evolution  and  magnitudes 
and  colors  of  double  stars.  Assun  ing  the  Russell 
theory  of  evolution  to  hold,  they  have  shown  that  the 
facts  derived  from  observations  of  double  stars  can  be 
satisfactorily  explained.  In  the  present  paper  we  shall 
reverse  the  problem  and  attempt  to  show  that  from 
observations  of  double  stars  alone,  a  relation  between 
spectral  class  and  absolute  magnitude  may  be  derived, 
corresponding  to  the  giant  and  dwarf  theory. 

If  two  stars  arc  physically  connected,  and  do  not 
have  too  large  an  angular  separation  in  the  sky,  we 
infer  that  their  distance  from  us  is  the  same.  Accord- 
ingly the  difference  Am  in  their  apparent  magnitudes 
eciuals  the  difference  Ail/  in  their  absolute  mangitudes. 
For  many  double  stars  we  know  the  spectral  classes 
.S'l  and  <S2  of  both  components.  Assuming  a  relation 
between  M  and  S  of  the  form  clM  =  </>  {S)  dS  we  then 
have: 


Aw  =  A.l/ 


^.C; 


(S)  dS 


Our  problem  is  to  determine  0  (S)  from  a  numljer  of 
observed  quantities  AM,  S\  and  St.  This  involves  the 
solution  of  a  functional  equation  of  Abel's  type.  Such 
a  solution  has  been  discussed  at  length  by  Schwarz- 
scHiLD  in  connection  with  the  general  photographic- 
photometric     prol)leni.      {Astr.,  Nach.,   172,  65,   1906.) 

In  the  present  case  the  practical  difficulties  involved 
would  make  the  solution  very  laliorious.  A  rigorous 
solution  seems  almost  impossible  due  to  the  fact  that 
we  have  only  an  arbitrary  scale  in  which  to  express  S. 
A  suitable  scale  which  would  enable  us  to  assume  a 
simple  form  for  ^  (.S),  e.g.  0  (.S)  =  ("  can  only  be 
dcterniined  from  an  approximate  jireliininary  solution 
ol  llie  functional  equation. 

'Herschel,  L.\r,  Leonakd,   Dok;  (7  nl. 


For  the  present  we  have  satisfied  ourselves  with 
such  an  ajiproximate  solution.  This  was  obtained  by 
putting: 

dM  dM 

■^-1/  =  -J^  A,S'  or  (/*(,  -  III,)  =  —  (,S,  -  .S'2) 

dM         ,          .        „        .S, +  & 
giving   —   al  the  puiiit  .S    =   ~' 

As  a  scale  for  S  one  was  adopted  which  gives  <S'  =  0 
for  spectral  class  BO,  S  =  10  for  AO,  S  =  50  for  Ma 
etc.  From  data  collected  at  Harvard,  Mt.  Wilson, 
and  Lick,  we  have  compiled  a  list  of  about  five  hundred 
physically- associated  pairs  for  which  the  spectra  of 
both  components  are  known.  The  difference  in  spec- 
tral ela.ss.  Si  —  Si,  surpassed  0  units  in  the  above  scale 
for  260  of  these.  Accordingly  260  more  or  less  reliable 
values  of  AM/A<S  could  be  obtained.  These  were 
arranged  in  order  of  size  and  the  frcfiuency  curve  shown 
in  Figure  1  obtained. 

It  is  evident  that  this  curve  is  composed  of  two  fre- 
quency curves  w'ith  maxima  at  about  —.03  and  -|-.22 
respectively.  That  the  first  maximum  which  corre- 
sponds to  the  giant-branch  of  the  Russell  diagram  is 
so  much  higher  than  the  second  is  only  due  to  statistical 
selection. 

The    values    of    A.1//A.S'    for    liie     22     stars    with 


S'  = 


S,  +  S. 


<  10  were  all  posilixc  with  th( 


cpt  Kin 


of  the  value  for  /3  Orionis,  —  2.13.  From  this  we  con- 
elude  that  the  giant  and  dwarf  branches  meet  at  about 
AO.  The  whole  Russell  diagram  was  then  constructed 
in  the  following  way  on  this  assumption. 

The  frequency  curve  as  represented  in  figure  I  was 
decompo.sed  into  two  smooth  curves,  the  irfi  hand  one 
for  the  giants,  the  right  haml  one  fur  the  (K\airs.  The 
mean    value   of   A.IZ/A.S'   as   diitaiiied    Ironi    the   giant 
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A.U 


Frcciuencv  i'ur\c  of  value  of    777 


curvi-  is  —  0*'.045.  The  dwarf  curve  on  the  other 
liand  eaniiot  lie  used  for  the  dwarf  branch  without  fur- 
ther reduction.  From  an  inspection  of  the  vahies  of 
SM/AS  it  is  seen  that  the  mean  value  is  nearly  constant 
between  AO  and  KO,  is  a  little  larger  than  this  mean 
before  AO  and  is  steadily  increasing  from  K()  to  Mb. 
The  mean  values  for  the  intervals  BO  to  AO,  KO  to  M<i 
and  Ma  to  Mb  were  therefore  determined  separately, 
and  the  mean  for  AO  to  KO  found  by  allowing  for  these 
larger  values  in  the  general  mean  derived  from  tlie 
frequency  curve. 

Arbitrarily  assuming  the  al)s<)lute  magnitude  of  a 
class  AO  star  to  be  O'^.O  we  get  the  following  mean 
values  for  the  absolute  magnitude  at  a  gi\(Mi  spectral 
class. 

T.\BLK    I 


Dwarfs 


Giants 


BO 

-  2M.4 

AO 

0   .0 

FO 

+  2    .0 

-  0M.4 

GO 

4  .0 

-  0   .9 

KO 

6  .0 

-  1    .3 

Ma 

8   .6 

-  I    .8 

Mb 

11    M 

Our  ne.xt  step  will  be  the  reduction  of  these  relative 
values  to  the  commonlj-  accepted  system  of  absolute 
magnitudes.  For  this  it  is  necessary  to  assume  that 
certain  physical  laws,  valid  for  the  Earth  and  the  Solar 
System  hold  throughout  the  Universe.  It  is  then 
l)ossible  to  obtain  the  distances  of  fiiui-  of  the  pairs 
contained  in  our  list  viz: 


1.  a  Centauri.  Wright  has  determined  the  par- 
allax li>-  comparing  the  observed  difTerence  in  radial 
\cl()cily  of  the  two  components  with  the  comjiuted 
velocity  in  angular  measure  derived  from  the  orbital 
motion. 

2.  aAiirigd'.  Mkhuill  has  derived  a  jiarallax  from 
a  comiiarison  of  interferometer  measures  with  s])ectro- 
scopic  observations. 

'S.  j"  (Vs.  Maj.  This  star  belongs  to  the  Crsa 
Major  cluster,  and  a  parallax  for  all  stars  belonging  to 
this  cluster  can  be  computed  from  their  positions  in 
the  sky,  their  approximate  proper-motions  anil  their 
radial  velocities. 

4.  6  Tnuri.  This  star  is  a  member  of  the  Tauru.s 
cluster  and  the  parallax  may  l)e  computed-  in  a  way 
similar  to  that  for  f  UMa. 

Consideration  of  the  absolute  magnitudes  for  these 
four  double  stars  leads  to  the  conclusion  that  a  correc- 
tion of  -j-O'^.S?  needs  to  be  ajjplied  to  the  relative 
values  given  in  Table  I. 

The  resulting  relation  between  absolute  magnitude 
and  spectral  class  is  graphically  represented  in  Figun; 
2.     The     mean     absolute     magnitudes     derived     from 


"Bo  Ao  Fo  Go  Ko  Ma. 
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Relation  between  Absolute  M; 
Spectral  Class 
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trigonometric  parallaxes  have  been  inserted  as  dots. 
It  will  be  noted  that  on  the  dwarf  branch  the  agree- 
ment betwen  the  two  sets  of  data  is  amazingly  close, 
considering  the  fact  that  the  broken  line  was  derived 
without  use  of  a  single  trigonometric  parallax. 

On  the  other  hand  it  seems  that  the  trend  upwards  of 
our  line  for  the  giants  is  systematically  too  large.  This 
might  have  been  expected  from  the  fact  that  we  started 
our  investigation  without  making  any  assumptions 
about  the  existence  of  giants  or  dwarfs.  Accordingly, 
stars  composed  of  an  early-type  dwarf  and  a  late-type 
giant,  giving  a  large  negative  value  for  AM/ AS  were 
treated  as  consisting  of  two  giants.  Our  solution  of  the 
problem  has  only  been  made  possible  by  the  fortunate 
circumstance  that  there  are  very  few  pairs  composed  of 
a  giant  and  a  dwarf.  Such  combinations  accord  ad- 
mirably with  the  established  giant  and  dwarf  branches. 


As  a  few  examples  we  cite:  a  Herculis,  F8  dwarf  and 
Mb  giant,  a  Aurigw,  two  GO  giants  and  one  Ma  dwarf, 
^1  Aquarii,  KO  giant  and  KO  dwarf,  o  Tauri,  Ko  giant 
and  probably  M  dwarf.  Allowing  for  the  existence 
of  such  pairs  we  might  effect  a  second  approxima- 
tion which  will  undoubtedly  give  better  results. 

The  principal  conclusions  from  the  present  investi- 
gation may  be  summed  up  as  follows- 

1.  From  double  star  data  alone,  it  is  possible  to 
obtain  the  connection  between  absolute  magnitude 
and  spectral  class,  thus  providing  the  observational 
basis  for  a  theory  of  stellar  evolution. 

2.  At  the  same  time,  we  can  establish  a  correct 
system  of  absolute  magnitudes  and  parallaxes,  entirely 
independent  of  any  trigonometric  measures. 

May  7,  1923. 


OBSERVATIONS  OF   (3)   JUNO, 

MADE    WITH    THE    .5-INCH    MERIDIAN    CIRCLE    OF   THE    CINCINNATI    OB.SERV.\TORY, 

By   ELLIOTT  SMITH. 


Date 

G.  M.  T. 

.■\pp.  a. 

App.  b 

log 

p.X 

Red.  to 

App.  pi. 

1922  Nov. 

1923  Jan. 
1923  Feb. 
1923  Feb. 

18 

18 

8 

14 

h   m   s 

17  02  10.42 
13  03  30.48 
12  04  22.34 
11  49  00.04 

h   m   s 

3  U  15.78 
3  15  26.60 
3  38  56.41 
3  47  10.90 

-4  44  37.4 
-0  19  26.4 
-1-3  33  26.4 
+4  39  33.3 

—  00 

00 
00 

oo 

0.7832 
0.7453 
0.7067 
0.6947 

-378 
+  .61 
+   .46 
-1-  .44 

-  8.2 
10.6 
11.5 
11.5 

THE   SPECTRUM   OF   ALGOL, 

By   IDA    BARNEY. 


This  work  on  the  spectrum  of  Algol,  0  Persei,  is 
based  upon  the  study  of  about  250  spectrograms  se- 
cured at  the  Allegheny  Observatory  by  Dr.  Schles- 
INGER  and  others  during  the  years  1907-1912.  These 
spectrograms  were  taken  on  fine  grained  plates  witli 
the  Mellon  Spectrograph,  described  in  Allegheny  Pub- 
lications, Volume  2,  page  1,  and  show  the  spectrum  of 
Algol  exceptionally  well.  The  orbital  elements  for 
Algol  have  been  obtained  from  these  spectrograms  by 
Dr.  Schlesinger,  and  later  the  complete  discussion 
of  these  results  will  be  published  by  him. 

When  measuring  the  spectrograms  for  the  determina- 
tion of  elements  of  the  orbit,  Dr.  Schlesinger  used 
the  eight  prominent  lines  that  are  usually  the  only 
ones  well  visible  in  the  Algol  spectrum.  At  the  same 
time  he  noticed  that  some  of  the  spectrograms  showed 
manj^  other  lines,  and  that  generally  those  plates  taken 


near  the  primary  minimum  showed  a  great  number  of 
extra  lines,  sometimes  as  many  as  eighty   or  ninety. 

Dr.  Schlesinger  turned  these  spectrograms  over 
to  me  for  the  purpose  of  measuring  the  positions  of 
these  extra  lines  and  thus  discovering  if  possible  their 
origin.  I  wish  to  acknowledge  my  indebtedness  to 
him  for  advice  and  many  helpful  suggestions  during 
the  carrying  out  of  this  investigation. 

There  are  three  possible  sources  from  which  these 
additional  lines  in  the  Algol  spectrum  may  come,  since 
they  are  visible  in  greatest  numbers  near  the  principal 
minimum  when  the  primary  body  is  partiallj^  eclipsed. 
Thej^  may  come  from  the  edge  of  the  primary,  they 
may  be  due  to  the  eclipsing  body,  or  finally  they  may 
come  from  the  third  body  since  at  the  principal  mini- 
mum the  light  from  that  body  maj'  form  an  appre- 
ciable part  of  the  total  light.     According  to  Professor 
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Stkbbins'  paper  (Astrophysical  Journal,  Volume  53, 
page  117)  the  third  body  may  liave  nearly  one-third 
of  tlie  total  light  at  minimum. 

Kaeh  speetrogram  of  the  series  was  examined  and 
given  a  weight  wliieh  indieates  approximately  the 
numher  of  lines  appearing  on  that  |)artieular  plate. 
A  seale  of  ten  has  been  used,  zero  meaning  that  no  lines 
appear  except  the  eight  prominent  ones  used  by  Dk. 
ScHLESiNOiCK  in  his  paper  published  in  Allegheny  Pub- 
lications, \'olume  1,  page  25.  One  plate  known  to 
show  a  great  many  fine  lines  was  assigned  the  weight 
(en,  and  the  others  weighted  accordingly.  At  the  time 
of  the  examination  of  the  spectrograms  the  i)hases  for 
the  various  plates  were  not  known  to  me,  so  that  the 
weights  given  were  not  the  result  of  any  previously 
conceived  idea  in  regard  to  the  relation  between  the 
phase  and  the  appearance  of  these  lines. 


Cliu^s 
1 
2 
3 
4 


8 
!) 
10 
11 
12 
13 
It 
15 


Phivsp 
0.0-0.2 
0.2-0.4 
0.4-0.6 
0.6-0.8 
0.8-1.0 
1.0-1.2 
1.2-1.4 
1.4  1. 1) 
1.6-1.8 
1.8-2.0 
2.0-2.2 
2.2-2.4 
2.4-2.6 
2.6  2.8 
2.8  2.9 


•lAHl.K    1 


No.  of 
Plato.s 


19 
24 
14 


14 
19 
19 

1.") 
IS 
12 
20 
12- 


Mean 
weiglit 

5.1 

1.4 

2.2 

0.8 

0.1 

0.5 

2.3 

1.2 

1.7 

3.0 

1.3 

2.0 

1.3 

2.6 

4.8 


Rpducpd 

woiftlit 

4.1 

0.4 

1.2 

0 

0 

0 

1.3 
0.2 
G.7 
.2.0 
0.3 
1.0 
0.3 
l.() 
3.8 


After  the  weights  had  been  assigned,  the  spectro- 
grams were  arranged  according  to  i)hase  and  divided 
into  fifteen  cla.'jses,  each  class  except  the  last  extending 
over  0.2  days  in  phase.  Table  1  gives  the  classes 
numbered  from  1  to  15,  the  limits  of  phase  for  each 
class,  the  numbers  of  plates  in  it,  and  the  mean  weight 
from  these  plates.  Since  the  whole  spectrum  of  .4/70/ 
includes  various  other  lines  beside  the  eight  mentioned 
above,  some  allowance  should  be  made  for  these. 
Excluding  the  classes  1  and  15  taken  during  the  prin- 
cipal eclipse,  it  appears  thai  the  average  plate  has  a 
weight  of  approximately  1.0.  That  is  an  average 
spectrogram  taken  under  favorable  conditions  at  any 
nhase  shows  enough  lines,  beside  the  eight  prominent 
ones,  to  be  given  a  weight  1.0.  Consequently  the 
mean   weight   reduced   by    1.0  may   be  taken  as  indi- 


cating the  presence  of  the  lines  for  which  the  origin  is 
sought.  These  weights  are  given  in  the  last  loluinn  (if 
Table  1.  This  reduction  if  applied  strictly  wduld 
make  the  classes  4,  5,  and  6  have  negative  weights  i)ut 
these  have  been  given  the  w-eight  0. 

As  was  expected  from  what  was  already  known  aliout 
the  ai)pcarance  of  these  extra  lines  the  classes  with 
the  greatest  weight  included  the  spectrograms  taken 
near  the  primary  minimum.     The  classes  with  (he  next 

TABLK    2 

DilTiTCIU'c,       X(i.  of  platrsdii 
nicun  X  from  plnti-      wliicli  line 
X  ({(iwImihI         -  X  Howlaiiil       was  identified 


Suhstiinee 

Fe 

I'V 

*Fe 

F(> 

Vv 

Ti,  Cr 


Vo 
V,  — 

Fe-C 

F(> 

C'a 

Fe 

Fe 

Fe 

F(> 

C"a 

Ti,  Fe 

*Ti 

Ca 

Fe 

Vo 

Fe 

Se 

Fe 

Fe 

*Ti,V,/r 

Fe 

Fe 

Fe 


Ti-Co 

Fe 

Fe-Cr 

Ti 
l'"e 


4045.97 
4063.76 
4067.28 
4071.91 
4144.04 
4163.82 
4167.44 
4173.48 
4179.54 
4195.78 
4215.58 
4226.90 
4233.77 
4242.90 
4271.93 
4282.56 
4289.52 
4294.30 
4299.41 
4300.47 
4302.69 
4308.08 
4309.54 
4315.26 
4320.91 
4325.94 
1388.57 
4395.31 
4404.93 
4454.55 
4508.46 
4515.51 
4534.14 
4549.64 
4556.31 
4572.16 
4584.02 


0.12  A 
.03 
.02 
.06 
.11 
.15 
.2() 
.11 
.10 
.08 
.21 
.01 
.35 
.22 
.08 
.09 
.27 
.01 
.20 
.19 
.23 
.21 
.04 
.23 
.18 
.()() 
.08 
.07 
.01 
.33 
.12 
.11 
.16 
.00 
.IS 
.(Hi 
.0() 


8 
9 
8 
(i 

12 
7 
S 

10 

12 
7 
9 
6 

15 
6 


10 
8 
6 
6 
6 
9 
9 
9 


1  1 
8 
6 
6 
6 
11 
17 
S 

s 

13 


''Rlend  of  t  wo  lines. 
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largest  weights  were  those  on  either  side  of  the  second- 
ary niinimum,  that  is  classes  7  and  10,  as  this  mini- 
niuni  occurs  between  the  phases  L4  and  L6.  {Astro- 
■physicnl  Journal,  Volume  53,  page  118).  This  led  to 
the  conclusion  to  be  discussed  more  in  detail  later  that 
the  lines  are  due  in  part  to  the  secondary  and  in  part 
to  the  primary. 

Twent}'  of  the  spectrograms  that  showed  the  addi- 
tional lines  especially  well  were  measured  and  radial 
velocities  obtained  from  as  many  lines  as  possible. 
The  plates  were  measured  on  a  Gaertner  engine  for 
which  it  was  necessary  to  obtain  the  dispersion  curve 
before  reducing  the  spectrograms.  {Allegheny  Pub- 
licaiionf;  Volume  1,  page  14.)  The  equation  obtained 
for  this  curve  from  the  comparison  spectrum  was 

(X  -  2300.96)  (K  —  148.000)  =  104915.6 

where  X  is  the  wave  length,  and  R  the  screw  reading  in 
millimeters.  Using  this  formula  and  a  set  of  lines 
from  the  comparison  spectrum  of  titanium  with  wave- 
lengths given  in  Rowland's  Table,  a  table  giving  AX 
for  varying  R  was  constructed.  The  final  formida 
giving  the  relation  between  X  and  R  was  that  given 
above  where  X  +  AX  replaced  X.  From  this  relation 
normal  values  of  R  were  calculated  for  the  particular 
comparison  lines  used  in  measuring  these  spectrograms, 
and  for  the  eight  principal  star  lines.     For  each  plate 


the  values  of  R  for  all  the  star  lines  were  corrected  from 
the  curve  depending  upon  the  normal  R  and  the  meas- 
ured R  for  the  comparison  lines.  For  the  star  lines 
to  be  identified  X  was  calculated  from  the  formula 
already  given  and  that  value  of  X,  corrected  for  the 
Earth's  motion,  was  compared  with  the  wave  length 
given  in  Rowland's  Table.  From  this  difference  the 
radial  velocity  was  found  in  the  usual  way. 

Thirty-seven  lines  were  found  for  which  the  wave- 
lengths as  determined  on  five  or  more  plates  agreed 
sufficiently  well  with  the  wave-length  in  Rowland's 
Table  to  allow  the  line  to  be  considered  as  identified. 
These  lines  are  given  in  Talile  2.  The  majority  of  them 
are  iron  lines. 

From  these  lines  radial  velocities  were  obtained. 
The  radial  velocity  for  each  plate  was  taken  as  the 
straight  mean  of  those  from  individual  lines.  These 
velocities  are  given  in- the  next  to  the  last  column  of 
Table  3,  and  the  number  of  lines  used  to  derive  th's 
velocity  is  given  in  the  last  column.  Table  3  has  the 
spectrograms  arranged  according  to  phase  and  gives 
the  velocity  for  each  plate  obtained  from  the  velocity 
curve  given  in  Allegheny  Publications,  Volume  1, 
page  31,  as  well  as  the  date  on  which  the  spectrogram 
was  taken  and  the  number  of  the  plate  given  it  at  the 
time  it  was  taken.  In  general  the  velocities  from 
these  additional  lines  have  the  same  sign  as  the  velo- 


No. 

of 

Plate 

2168 
4898 
1089 
1168 
2180 
1090 
2181 
1133 
991 
2214 
2057 
2059 
1161 
2257 
2106 
3347 
2039 
2166 
5073 
2167 


Date,    O 

M. 

r. 

1908 

Nov. 

12, 

16 

01 

1911 

Oct. 

26, 

18 

42 

1908 

.Jan. 

16, 

15 

37 

1908 

Feb. 

8, 

14 

12 

1908 

Nov. 

15, 

14 

04 

1908 

.Jan. 

16, 

16 

02 

1908 

Nov. 

15, 

14 

55 

1908 

.Jan. 

25, 

13 

38 

1907 

Nov. 

15, 

16 

36 

1908 

Nov. 

25, 

14 

40 

1908 

Oct. 

13, 

17 

14 

1908 

Oct. 

13, 

17 

46 

1 908 

Feb. 

4, 

15 

04 

1 908 

Dec. 

27. 

12 

55 

1908 

Oct. 

28, 

17 

04 

1910 

■Jan. 

10 

14 

06 

1908 

Oct. 

11, 

20 

25 

1908 

Nov. 

12, 

14 

55 

1912 

Feb. 

15, 

13 

44 

1908 

Nov. 

12, 

15 

30 

TABLE   3 

Vclority 

Velocity 

No.  of 

Phase 

from 

from 

lines 

days 

Primary 

extra  lines 

used 

0.020 

—    6km 

— 

2km 

22 

0.027 

-    6 

+ 

2 

22 

0.065 

-10 

- 

2 

19 

0.067 

-10 

— 

7 

18 

0.072 

-10 

- 

9 

24 

0.082 

-11 

- 

3 

23 

0.106 

-14 

- 

9 

18 

0.381 

-32 

- 

9 

12 

1.190 

-22 

- 

8 

10 

1.493 

+   5 

- 

1 

9 

1.609 

+  17 

+ 

1 

9 

1.631 

+  17 

+ 

3 

15 

1.838 

+  30 

+  15 

7 

1.879 

+  32 

+ 

6 

17 

2.266 

+  37 

+ 

4 

9 

2.441 

+  30 

+  12 

5 

2.609 

+  16 

- 

3 

5 

2.841 

-    0 

+ 

1 

31 

2.856 

-    1 

- 

2 

19 

2.865 

-    2 

0 

25 
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cities  from  tlie  velocity  curve.  When  this  curve  gives 
a  small  velocity,  the  velocities  from  the  other  lines  are 
very  near  zero.  At  other  phases  these  velocities  are 
considerably  smaller  than  the  velocity  from  the  curve. 

From  a  consideration  of  the  number  of  lines  visible 
at  the  various  phases,  and  the  velocities  found  from 
those  identified  lines  we  may  conclude  that  the  extra 
lines  are  due  to  the  combined  effect  of  the  light  from 
the  primary  and  that  from  its  eclipsing  companion. 

These  lines  appear  during  the  primary  minimum 
for  two  reasons;  first,  because  then  the  velocities  of 
the  two  bodies  a\y  nearly  the  same  so  that  light  waves 
of  the  same  length  coming  from  the  two  bodies  unite 
and  make  visible  lines  in  the  spectrum  of  the  primarj' 
which  were  not  visible  at  other  times;  and  second,  the 
reduction  in  brightness  of  tlH>  continuous  spectrum  of 
the  primary  gives  the  light  of  the  secondary  more 
opportunitj'   to    produce   an   effect    on    the   spectrum. 

As  the  time  of  secondary  minimum  ajjproaches  con- 
ditions are  again  more  favorable  for  the  appearance  of 
these  lines,  as  the  difference  in  the  velocity  of  tlie  two 
bodies  is  becoming  less  so  the  light  of  the  same  wave- 
length from  the  different  bodies  again  combines  to 
produce  visible  lines.  At  this  time  the  secondary 
has  its  brightest  side  tow-ard  the  earth,  which  inc- 
creases  very  slightly  its  share  in  the  total  light  of  the 
system.  However,  the  secondary  its  now  the  body 
eclipsed,  so  that  during  the  .secondary  minimum  there 
should  be  I'ttle  or  no  trace  of  light  from  this  body. 
This  fact  is  brought  out  in  Table  1  where  the  weights 
for  classes  8  and  9  are  decidedly  smaller  than  for  7 
and  10. 

Few'cst  additional  lines  appear  at  times  wiien  the  two 
bodies  have  velocities  differing  the  most.  At  such 
times  if  it  were  possible  to  get  a  spectrogram  showing 
these  lines,  they  should  be  double.  However,  the 
ratio  of  the  light  received  from  the  secoiulary  and  from 
the  primary  is  so  small,  approximately  1:15,  (Astro- 
physical  Journal,  Volume  53,  page  116)  that  the 
spectrum  of  the  secondary  cannot   be  photographed. 

It  is  evident  that  these  lines  are  just  on  the  border 
of  visibility,  for  the  numl)er  of  lines  that  appear  on  any 
one  plate  varies  greatly.  It  is  only  when  all  the  con- 
ditions affecting  a  plate  are  favorable  that  a  spectro- 
gram shows  a  great  number  of  lines.  Two  spectro- 
grams taken  w'thin  one  hour  do  not  show  exactly  the 
same  lines,  although  the  majority  of  the  lines  on  the 
two  plates  are  the  same. 

The  fact  that  the  velocities  of  Table  :5  agree  in  sign 
with  the  velocities  of  the  primarj-  indicates  that  this 
body  must  have  some  part  in  producing  these,  while 
at  the  same  time  the  reduced  range  of  these  velocities 
shows  that  its  light  alone  cannot  produce  these  lines. 


This  agreement  of  sign  between  the  two  sets  of  velo- 
cities holds  true  independently  of  the  season  in  wliicli 
the  spectrogram  was  taken.  Furthermore  theic  ap- 
pears to  be  no  indication  that  the  lines  come  from  the 
third  body  in  the  system.  If  light  from  this  body  were 
the  source  of-these  lines,  then  the  velocity  would  show 
some  change  if  obtained  from  spectrograms  taken 
several  months  apart,  as  the  period  of  this  body  is  a 
little  less  than  1.9  years.  The  spectrograms  do  not 
giv(>  any  indication  of  such  variation. 

The  majority  of  the  lines  identified  are  iron  lines. 
It  is  interesting  to  considci'  sonic  of  the  individual 
lines.  Then-  are  in  the  list  lour,  4141.04.  4173.48, 
4179.54,  and  4233.77,  which  are  generally  jiresent  in 
the  B8  type  spectrum,  and  one,  422G.90,  characteristic 
of  the  type  A2.  Then  there  are  five,  4299.41,  4300.47, 
4302.69,  4308.08,  4309.54  and  4315.26,  l)elonging  to 
band  (!  which  begins  to  appear  in  the  usual  spectrum  of 
type  A5.  and  is  prominent  in  Fo.  Also  the  lines  of 
band  G  appear  more  numerously  on  the  spectrograms 
taken  near  the  j)rimary  minimum  when  the  light  from 
the  secondary  is  relatively  the  most  effective.  On 
only  two  of  the  spectrograms  measured  no  lines  of 
band  G  were  identified.  On  one  of  these,  No.  991, 
taken  just  before  the  secondary  minimum  one  line 
was  measured  in  this  region,  but  the  value  of  X  obtained 
for  it  was  such  that  it  could  not  be  positively  identified. 
On  the  other  one,  No.  2214,  taken  during  the  secondary 
eclip.se,  no  lines  at  all  appear  in  this  region.  This 
agrees  with  the  theory  that  these  lines  need  to  be  re- 
enforced  by  light  from  the  secondary  to  make  them 
visible,  since  at  this  time,  practically  all  tiio  lisiht  from 
it  is  cut  off. 

The  |)resence  of  these  lines  l)elonging  to  band  G 
and  of  the  other  iron  lines  seems  to  indicate  for  the 
•secondary  a  spectral  type  slightly  later  than  B8.  In 
the  article  already  mentioned,  Professoh  Stebbins 
states  that  although  the  difference  between  the  photo- 
graphic and  visual  light  at  the  secondary  minimum 
would  indicate  a  spectrum  of  approximately  GO,  there 
are  too  many  uncertain  factors  involved  to  make  any 
definite  classification  except  to  say  that  the  secondary 
is  a  j'ellower  star  than  the  primary.  The  results  ob- 
tained here  would  place  the  spectrum  in  the  class  A 
or  F,  rather  than  G,  which,  however,  agrees  with  the 
iflea  that  the  secondary  is  the  yellower  star. 

Summarizing  the  results  of  the  preceding  pages,  it 
may  be  said  that  these  extra  lines  belong  to  the  spec- 
trum of  the  primary  in  the  AUjol  system  as  wcH  as  to 
that  of  the  seconilary,  and  furthermore  they  are  rela- 
tively more  intense  in  the  former  than  in  the  latter. 
At  the  same  time  these  lin(>s  are  just  on  the  border  of 
visibility  in  the  spectrum  of  the  primary  and  do  not 
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The  curve  represents  the  orbital  velocity  of  the 
Bright  Star.  The  horizontal  dotted  line  corresponds 
to  the  velocity  of  the  center  of  mass  of  Bright  Star 
and  its  Eclipsing  Companion.  Principal  minimum 
occurs  at  E',  secondary  minimum  at  E".  The  circles 
represent  velocities  from  the  Extra  Lines. 


N.  B.  This  diagram  should  he  inserted  in  A.  J.  No.  828  to 
accompany  the  article  on  "The  Spectrum  oi  Algol,"  by  Miss  Id.-^ 
Barney. —  Editor. 
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aiipcar  unless  the  light  from  this  body  is  rccnforced  by 
that  from  the  ecilpsing  companion.  Since  these  extra 
lines  arc  so  many  of  them  iron  lines  their  presence 
suggests  a  spectral  type  later  than  B8,  not  only  for  the 


secondary  but  also  for  the  primary  bodj'  itself. 


Yale  Universily  Observatory. 
31  May,  1923. 


CORRIGENDA,   VOUTE'S  FIRST  CATALOGUE   OF  RADIAL  VELOCITIES, 

By   JNIARGARETTA   PALMER. 


Cat. 

No. 

Column 

Con- 

genda 

40 

Decl. 

For  - 

Read  + 

05 

Star 

Hydrae 

Hydri 

159 

R.  V. 

-167 

-16.7 

162 

R.  V. 

+  183 

+  18.3 

164 

R.  V. 

-207 

-20.7 

•  171 

R.  V. 

-143 

-14.3 

219 

Star 

Peg  a  Hi 

Persei 

316 

Decl. 

4' 

48' 

334 

Decl. 

8° 

80° 

426 

R.  V. 

-234 

-23.4 

474 

Star 

\p  ANriyce 

X 

484 

Magn. 

4.7 

5.6 

491 

Star 

1^2 

ip" 

526 

Star 

'''l 

Xi 

589 

Star 

Phocnicis 

Pidoris 

709 

Star 

K 

X 

723 

Star 

8''321 

7''321 

752 

Magn. 

4.5 

6.0 

752 

R.  V. 

+  27.9 

+  25.2 

752 

Observatory 

W 

Orhil 

753 

Magn. 

5.5 

7.2 

753 

R.  V. 

+  24.2 

+  27.9 

753 

Observatory 

Orbit 

W 

776 

R.  V. 

+  21.1 

+  27.6 

808 

R.  A. 

7.^9 

7.-6 

843 

R.  A. 

27."'0 

28.-0 

928 

Star 

Garince 

Carince 

974 

Magn. 

4.8 

4.0 

977 

R.  V. 

+2.4 

-2.4 

1020 

Magn. 

5.1 

6.8 

1189 

R.  V. 

-11.6 

-1.6 

1196 

Should  be  P.t 

..C. 

3699  r  Lupi, 

14''  19.'" 

7  -44°  46',  magn.  4.6,  Spectr.  B3,  R.  V.   -16.0 

1211 

R.  V. 

For  +22.2 

Reat 

-22.2 

1216 

Observatory 

L 

P 

1429 

Magn. 

5.3 

4.0  (combined  magn.) 

1429 

R.  V. 

—  5 

+  1.2  (velocity  of  centre  of  mass  of  visual  system) 

1464 

Star 

17''  517 

17''  514 

1467 

Star 

V 

"' 

1511 

Spectr. 

A 

G 

1511 

R.  V. 

-27 

-29.6 

1512 

Spectr. 

G 

A 

1512 

R.  V. 

-29.6 

-27 

lolcS 

Decl. 

14° 

19° 
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Cat. 

No. 

Coliuuii 

Corrigoiula 

1")34 

Star 

For  6576                      Read  6567 

1609 

Mafjn. 

5.0                                    4.5 

1639 

Dec!. 

19°                                    9° 

1680 

Star 

B. D.  +30°  3539              +30°  3639 

1684 

Oi)servai 

[qy\ 

D                                    L 

1692 

R.  A. 

18''                                   19'' 

1718 

Di-cl. 

1'                                       13' 

1747 

D(«cl. 

+ 

1797 

H.  V. 

+85                                +8.5 

1798 

H.  V. 

-26                                -2.6 

1829 

R.  V. 

-7.3                               -73 

1849 

Star 

W.B.  2''97                      W.B.  21 ''97 

1852 

H.  V. 

-69                                -6.9 

1880 

H.  .\. 

Oil.                                    21'' 

1883 

Ob.serval 

ory 

P]al(\s  were  lakrn  at  L,  moa.stucd  ,il   D 

1886 

H.  V. 

For  -18.6                   Road  -38.6 

1914 

R.  .\. 

57. "'4                              57."'7 

1999 

K.  V. 

-49                                -4.9 

200o 

R.  V. 

-11.3                               -11.8 

p.  168 

Notp  18 

For  -  12.                     Road  -26. 

Boss 

P.G.C. 

1054 

Docl. 

For  19'                           Road  59' 

1525 

.\lroad\"  iiicludod  on  p.   1 19 

1635 

Already  iiioludo<l  (tii  y.  120 

224 

Di'cl. 

For  -                           Road  + 

1730 

Star 

43                                     42 

2087 

Star 

a                                            a 

02  82.      Erase  tiiis  lino.     Soc  star  lollowing  P.d.C. 

2984 

Docl. 

For  16'                 Road  6' 

3699 

Should  ho  !'.(!. ('.  3700  r-.  Liipi,  Docl.   -44°  56' 

4117 

Star 

For  7                               Road  v 

4158 

.\lroady  includod  on  p.  145 

Star  following 

4650  should  bo  P.G.C.  4785,  R.  A.  18''  49.'"!  in.stoad  of  1 

4661 

Star 

At  Lyrae 

4661 

Deel. 

For  29°                         Road  39° 

4862 

Dcel. 

3'                                      39' 

5048 

Decl. 

34°                                    44° 

5073 

.Already  includod  on  p.   156 

5213 

Star 

For    5                           Road  35 

5593 

Deel. 

25°  11'                             58°  19' 

5687 

Star 

19  Cephei 

Star 

For  Lnl.  36867            Road  46867 

Yale  UniversUy  Obserralory, 

Feb.  n 

\  1923. 
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OBSERVATIONS  OF  COMET   1922c    (BAADE), 

WITH   THE   26-INCH    REFRACTOR    OF   THE   U.    S.    NAVAL    OBSEKVATOKy, 

By  ASAPH  HALL  and  ERNEST  CLARE  BOWER. 
[Communicated  by  Rear  Admiral  W.  D.  McDougall,  U.  S.  Navy,  Superintendent  of  U.  S.  Naval  Observatory. 
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^[can  Places  of   Comparison   Stars  for  Beginning  of    Year 


* 

a 

S 

.\iithority 

1 

h     m       s 

19  57  51.86 

+  36  22  25.0 

.4.  a.  Lund  S930 

2 

20     0  47.86 

+  36  12  18.0 

A.  a.  LumI  8974 

3 

20     3  27.88 

+  35  45  24.3 

P.  G.  C.  Boss  5157 

4 

20     4  27.56 

+  35  29  30.2 

A.  G.  Lu«rf9036 

5 

20  11  22.56 

+34  38  48.1 

A.  G.  Leiden  8082 

6 

20  33  49.91 

+  32     4  41.6 

.4 .  G.  Leiden  8350 

7 

20  37  43.09 

+  31  23     6.2 

Aslr.  Oxf.  +31.2037,  6(1711 

8 

20  38  20.70 

+  31  32     1.1 

A.  G.  Leiden  8410 

t) 

20  49   10.84 

+80     3  58.7 

A.  G.  Camb.  11863 

10 

20  53  29.34 

+  29  54  27.6 

A.  G.  Camb.  11933 

lAslr.  Oxf.  +28.2100,  63232 

11 

21     5   15.70 

+  28  29  30.1 

,,    jAstr.  Oxf.  +28.2109,  63961 
^■*    jAstr.  Oxf.  +29.2104,  60903 
[A.  G.  Camb.  12172 

12 

21   43  24.30 
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13 

21   48   16.46 

+  24   19    13.8 
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14 

~2     0     ().0() 

+  23   16  41.4 

,    ,   ,      p         {  +23.21.^6,  253 
14  Aslr.  Par.     J  ^24  ...^.o,  312 

15 

22  32     2.6(i 

+  20  43     3.7 

Aslr.  Par.  +21.2228,  400 

16 

22  39   11.63 

+  20     6  32.2 

Abbadia  A  13422 

17 

22  55   14.76 

+  19   18      1.5 

H.  D.  +18.5080  conip.    with    18,    1923  .Jan.    17 
18^69,  A«  =  +r  42". 6,   1923.0 

Aa   =    -3"' 

18 

22  58  33.45 

+  19   16    18.9 
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19 

23   14   14.39 

+  18   18  26.4 

Abbadia  A  13763 

20 

23  22     2.20 

+  17  59  49.7 

Aslr.  Bar.  +17.2324,  13 

21 

23  33   13.39 

+  17  20  51.4 

Abbadia  A  13946 

22 

0  24  37.31 

+  15  58  28.9 

,'  J   ,      H         J +15.0020,  46 
%Astr.Bor.    |+i6oo24,  166 

U .  S.  Naval  Observatory,  Washington,  D.  C, 
1923,  Aug.  13. 


OCCULTATIONS  OF  VENUS   AND  ALDEBARAN, 

By   CHARLES   CLAYTON   WYLIE. 


The  occultation  of  Venus  on  the  morning  of  January 
13,  1923,  was  observed  at  the  University  of  Illinois 
Ob.servator3'  by  C.  ('.  Wylie,  S.  L.  Neave,  and  C.  B. 
Schmeltzer;  and  the  daylight  occultation  of  Aldebaran 
on  the  afternoon  of  April  19  was  observed  by  C.  C. 
Wylie  and  C.  B.  Schmeltzer.  The  times  were  taken 
on  stop-watches,  which  were  promptly  compared  with 
the  Riefier  clock,  and  its  correction  was  in  turn  de- 
termined by  the  Annapolis  wireless  signals.  Correc- 
tions for  rate  of  stop-watch  were  api)li('d   where  ap- 


preciable. Presumablj-  the  uncertainty  of  clock  correc- 
tion on  both  days  is  much  less  than  observational  error. 

Conditions  were  fairly  good  for  the  occultation  of 
Venus,  but  bad  seeing  made  the  contact  with  south 
cusp  somewhat  uncertain,  and  at  emersion  the  brilliancy 
of  Venus  made  the  limb  of  the  moon  invisible,  thus  in- 
creasing the  uncertainty  of  the  time  for  contact  with 
the  limb,  especially  for  the  small  telescope. 

At  the  occultation  of  Aldebaran,  thin  clouds  inter- 
fered some,  and  the  star  was  a  little  faint  for  observa- 
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tion  with  the  smaller  instrument,  but  appeared  quite 
bright  in  the  12-inch. 


The  observed  Greenwich  mean  times  of  the  various 
phenomena  follow: 


G.  M.  T. 

Venus  immersion 1923  h    m    s 

Contact  south  cusp Jan.   12  23  13  23.5 

Contact  south  cusp 13   17.9 

Contact  limb 14  39.0 

Contact  limb 14  39 . 1 

Contact  limb 14  39.2 

Venus  emersion 

Contact  north  cusp Jan.   13    0  14  51  4 

Contact  north  cusp 14  52.2 

Contact  limb 16  15.9 

Contact  limb 16   14.5 

Contact  limb 16  22.3 

Aldebaran 

Immersion Apr.  19    9  58  29  0 

Emersion 11  22  18.6 

Emersion 22  18.9 


Inst.  Obs. 

12-inch,  Wylie 

4-inch,  Ne.we 
12-inch,  W'i'LiE 

4-inch,  Neave 

21^ -inch,  SCHMELTZER 

12-inch,  Wylie 

4-inch,  Ne-We 
12-inch,  Wylie 

4-inch,  Neave 
21^-inch,  Schmeltzer 

12-inch,  Wylie 
12-inch,  Wylie 
3-inch,  Schmeltzer 


Remarks 

±  3  second.s 
=*=  5  seconds 
±0.2  seconds 
±0.3  .seconds 
±03  seconds 

late  ±0.5  seconds 
late  ±0.5  seconds 
±     2  seconds 
±      4  seconds 
±     8  seconds 

late  ±0.2  seconds 
late  ±0.2  seconds 
late  ±0.3  seconds 


Unii'ersity  of  Ilti?iois  Obsetfalory, 
1923,  May  23. 


OBSERVATIONS   OF  COMETS, 


made  with  the  16  cm.  refr.\ctor  (ring  micrometer)  of  the  tokyo  .astronomical  observatory, 

By  SIGERU   KANDA. 


1922 

G.  M.  T. 

Aa 

A6 

Conips. 

o  App. 

5  App. 

log  pA 

Red.  to 
App.  PI. 

* 

Comet    1922  c  (Baade) 

Nov.     9 

22  42  20 

-0  35.03 

-  1  30  7 

10,  10 

h      111       8 

20  36  41.64 

+  31  36  11.3 

9.5561 

0.1675 

+  l'.95 

+  32.4 

1 

17 

22    3    8 

+  1  20.45 

-0  30  8 

10,  10 

20  56  27 .  89 

+  29  22  35.2 

9.4752 

0.1763 

+  1.99 

+  32.0 

2 

19 

22  44  28 

-0  39  88 

+  2    3  S 

16,  16 

21     132  42 

+  28  49  38.5 

9.5790 

0 . 2989 

+  2.03 

+  31.9 

3 

26 

23  24  26 

+  1  39  56 

-1  13   ■ 

8,    8 

21  19  11.92 

+  26  59     1.7 

9.6507 

0.4411 

+  2  07 

+31.2 

4 

Dec.  21 

21  46  42 

+  1  45 . 87 

+  0  42  6 

12,  12 

22  20  53  90 

+  21  32  55.0 

9 . 5302 

0  4425 

+  2.28 

+  28.1 

5 

Comet   1922  d  (Sk,tellerup) 

Dec.     2|  7    6  48|-1  10.42|  +  2  51.8 

8,    8  111  31  25.78|-16  22  15.9Jn9.4612|  0.8153 

+  2.55  1    -10.4  1  6 

Comparison  Stars 


• 

a  1922.0 

5  1922.0 

Authority 

* 

a  1922.0 

S  1922.0 

.Authority 

1 

2 
3 

h      m      s 

20  37  14  72 

20  55    5.45 

21  2  10.27 

+  31  37    9.6 
+  29  22  34.0 

+  28  47    2.8 

A.  G.  Leiden  8394 

A.  G.  Cambr.  {Engl.)  11968 

A.  G.  Cambr.  (Engl.)  12103 

4 
5 
6 

h      m      s 

21  17  30  29 

22  19    5.75 
11  32  33.65 

+  26  59  44.0 
+  21  31  44.3 
-16  24  57.3 

A. G.  Cambr. {Engl.)  12388 
A.  G.  Berlin  B.  8615 
A.  G.  Washington  4546 
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PITOT(Mn?APIII('    POSITIONS    OF    (•o:\II;t    1922^/  (Skjkllkkup), 
obtained  with  I  lie'  20  cm.  photugrapiiii'  rol'ractor 


1922 

G.M.T. 

Astrographic 

Aberration 

Comparison  Stars^ 

a  1922              S  1922 

Nov.  29 
Dpc.   11 

h       m 

7  41    1 
6  51.9 

h      m      s 

11  15  22  35 

12  23    7.02 

-13  27  37.1 
-24  40  41.2 

-o'.25 
-0.41 

+  7.8 
+  9.6 

n9.3313 
?i9.5570 

0  8103 
0.8331 

.1  .a.Camb. (  V.S.)  4220-46-49-54-55-58-8 1 
Cordoba  A.  9352-75-92-93,  9415-38 

Photographs  wero  taken  by  ]\L  Tor>.\.      ^Measurements  and  reduction.s  by  S.  K.anda. 


The  Astronomical  Obsermloiy,  Tokyo,  Japan, 
Jan.  20,  1923. 


OBSERVATIONS  OF  COMETS, 

.M.\DK    WITH    THE    I(j-I.\<H    KEFKACTOR    OF   THE    CINCINNATI    OBSEHVAToHY, 

By  EVERETT   I.   YOWELL  and  ELLIOTT  SMITH. 


192 

1 

G.  M.  T. 

Nc 

Aa 

A5 

^'s  apparent 

log  I) 

A 

^ 

Ob.s. 

Comp. 

a 

0 

Coi 

let  PoNS-W 

NNKfKE   (192W)) 

Apr. 

27 

h        III       s 

15  15  47 

6, 

6 

+ 

08.49 

+  5  03.3 

16  38  35.69 

+  42  41  45.9 

9.764/i 

0.388 

1 

\ 

90 

16  28  26 

0 

8 

-6  44.8 

+43  20  07.1 

9.948 

?. 

\ 

29 

16  40  14 

1 

n 

-|- 

5  82 

16  45  24.21 

9.688// 

0 

\ 

J\lav 

5 

16  15  25 

8, 

8 

+ 

11.71 

-    8  23.7 

17  08  05.71 

+44  58  56.9 

9.7 18» 

0.031 

\ 

15 

19  56  04 

6, 

6 

+ 

8. 85 

+    1  43.8 

18  00  26.24 

+  46  28  42.4 

9.134« 

0.019// 

■1 

\ 

June 

1 

18  41  15 

16, 

6 

+ 

39.65 

-   4  44.4 

20  29  12.10 

+  38  16  12.1 

9.584» 

O.Otil 

5 

s 

2 

19  28  54 

12, 

5 

- 

3.45 

-    7  10.9 

20  41  06.56 

+  36  42  42.8 

9.470// 

i).t)72 

6 

s 

4 

20  24  18 

18, 

6 

+ 

25.33 

+    1  27.1 

21  03  26.05 

+  33  28  37.0 

9.291// 

0.037 

7 

s 

12 

18  41  09 

6, 

6 

12.03 

-    9  04.0 
Comet  Kki 

22  25  42.36 
} (1921  a) 

+  16  19  06.4 

9.612// 

0.()36 

S 

\ 

Apr. 

27 

18  02  51 

6, 

6 

- 

14.84 

+  11  40.8 

20  53  06.73 

+  51  48  1  1.9 

9.867/i 

0.549 

9 

^ 

29 

17  49  46 

8, 

8 

- 

0.34 

-   3  10.8 

21  00  24.66 

+  58  57  55.6 

9.94571 

0.519 

10 

\ 

Alav 

5 

17  34  35 

7, 

7 

- 

28.49 

-    6  05.2 

22  03  58.31 

+  78  43  29.2 

0.345?/ 

0.502 

11 

\ 

15 

18  42  12 

6, 

6 

— 

0.26 

-   4  25.4 

7  IS  06.19 

+  75  37  30.3 

0.147 

0.751 

12 

\ 

June 

2 

15  49  40 

8, 

9 

- 

12.41 

+   2  50.8 

8  03  56.45 

^.55  46  12.4 

9.897 

0.li42 

13 

s 

4 

14  51  36 

14,10 

+ 

29.78 

-    1  47.0 

8  05  21.34 

+  .51  26  20.5 

9.894 

0.5()S 

11 

s 

Comet  Ba.v 

n:  (1922c) 

192L 

Nov. 

7 

13  47  32 

12,10 

-0  45.39 

+   2  02.5 

20  30  53.25 

+  32  16  46.0 

9.551 

0.284 

15 

Y 

9 

13  35  23 

8, 

7 

- 

4.58 

-    1  03.1 

20  35  45.56 

+  31  42  41.9 

9.528 

0.282 

16 

\' 

10 

13  43  39 

7, 

7 

- 

9.37 

-    7  00.9 

20  38  12.40 

+  31  25  32.7 

9.548 

0.309 

17 

^■ 

18 

14  31  49 

8, 

8 

- 

16.78 

-   8  36.1 

20  58  10.73 

+  29  11  18.6 

9.638 

0.473 

18 

\' 

21 

14  34  17 

8, 

8 

+ 

7.71 

+  2  00.6 

21  05  42.04 

+  28  22  49.7 

9.643 

0.497 

19 

\ 

22 

15  17  46 

8, 

9 

- 

10.82 

+  5  01.1 

21  08  17.00 

+28  06  32.7 

9.684 

0.572 

20 

Y 
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G.  M.  T. 


No. 
Comp . 


Aa 


A5 


^  's  apparent 


log  p.  A 


Obs 


No\ 


Dec. 


23 
28 
29 
5 
10 
12 
19 


14  17  38 

12  15  27 

13  03  52 

14  20  39 
14  26  13 
13  06  09 
13  40  13 


Comet  Baade  (1922r)   (Continued) 

1  '       «  h       in      3  o        /       // 

21  10  41.58  +27  51  22.1 

21  23  03.32  +26  35  49.4 

21  25  38.91  +26  20  22.8 

21  40  48.30  +24  53  33.4 

21  53  15.13  +23  46  36.5 

21  58  03.19  +23  21  50.7 

22  15  14.26  +21  58  20.2 


,  G 

+ 

1.45 

-       44.5 

,  8 

+ 

13.10 

+    1  33.6 

,  8 

- 

7.63 

-       12.5 

,  8 

+ 

7.28 

-       27.6 

,  8 

+ 

25.24 

-   4  25.0 

,  8 

- 

4.20 

19.4 

,  8 

- 

4.13 

-       32.8 

9.624 

0482 

21 

9.346 

0.339 

22 

9.499 

0.410 

23 

9.637 

0.551 

24 

9.647 

0.579 

25 

9.534 

0.492 

26 

9.603 

0.562 

27 

Mean  Places  of  Comparison  Stars  for  1921.0  or  1022.0 


* 

a 

Red.  to 

5 

Red.  to 

.\uthority 

App.  PI. 

.App.  PI. 

1921.0 

1921.0 

1 

h      ni       s 

16  38  24.97 

+  2^23 

+42  36  49.5 

-   6.9 

1/2  {A.  G.  Bonn  10673  cor'd  +  Monnichmeyer  1331) 

2 

16  45  16.14 

+  2.25 

+  43  26  58.3 

-    6.4 

Cii9  3246    P.M.  +.«001,  -".06 

3 

17  07  51.66 

+  2.34 

+45  07  25.6 

-    5.0 

.-1.  a.  Bonn  10995,  cor'd  b^-  Monnichmeyer 

4 

18  00  14.94 

+  2.45 

+  46  27  01.2 

-   2.6 

B.  D.  46°,2409  tied  to  A.  G.  Bonn  11646 

5 

20  28  59.94 

+  2.51 

+  38  20  55.5 

+    1.4 

A.  G.  Lund  M67 

fi 

20  41  07.52 

+  2.49 

+  36  49  51.9 

+    1.8 

A.  G.  Lund  9636 

7 

21  02  58.26 

+  2.46 

+  33  27  07.3 

+  2.6 

A.  G.  Leiden  8710 

8 

22  25  52.13 

+  2.26 

+  16  28  02.8 

+  7.6 

A.  G.  Ber.  A.  9196 

9 

20  54  20.39 

+  1.18 

+  51  36  38.0 

-   6.9 

.4.  G.  Harvard  6SZS 

10 

21    0  23.81 

+  1.19 

+  59  01  14.0 

-   7.6 

A.  G.  Hels.  11849 

11 

22  04  26.01 

+  0.79 

+  78  49  42.0 

-   7.6 

Gr.  Astg.  +78°,6981 

12 

7  18  06.44 

+   .01 

+  7541  52.9 

+  2.8 

Gr.  A.^ig.  +75°,3418 

13 

8  05  08.30 

+   .56 

+55  43  23.8 

-    2.2 

A.  G.  Hels.-Gotha  5411 

14 

8  04  54.01 
1922.0 

+   .56 

+  54  28  10.3 
1922.0 

-   2.8 

^1.  G.  Harrard  3055 

15 

20  31  36.71 

+  1.93 

+  32  14  11.2 

+  32.3 

1/3  (A.  G.  Leid  8326  +  Pols.  Astg.  138,  115 
+Pots.  Astg.  297,  378) 

16 

20  35  48.20 

+  1.94 

+  31  43  12.6 

+  32.4 

Connected  with  Pots.  Astg.  138,248:  Aa  +19^34,  Ao  +3 

03".6 

17 

20  38  19.83 

+  1.94 

+31  32  01.2 

+  32.4 

1/3  (A.  G.  Leid  8410  +  Pots.  Astg.  IS8/M2  +Pot.s.  Aslg. 

139,13) 

18 

20  58  25.50 

+  2.01 

+  29  19  22.7 

+  32.0 

1/3  (A.  G.  Cambr.  12017  +  Ox.  Astg.  29°,60418 
+  Ox.  Aslg.  30°,63263) 

I'.i 

21  05  32.29 

+  2.01 

+  28  20  17.3 

+  31.8 

1/3  (Ox.  Aslg.  29°,60858  +0x.  Astg.  28°,63929 
+  0x.  Astg.  28°,63160) 

JO 

21  08  25.77 

+  2.05 

+  28  00  59.9 

+  31.7 

1/2  (Ox.  Astg.  28°,63821  +0x.  Astg.  27°,61794) 

21 

21  10  38.08 

+  2.05 

+  27  51  34.9 

+  31.7 

1/3  (A.  G.  Cambr.  12269  +0.r.  Astg.  27°,61762 
+  0.r.  Aslg.  28°,63769) 

22 

21  22  48.12 

+  2.10 

+  26  33  44.7 

+  31.1 

1/3  (.4.  G.  Cambr.  12492  +0x.  A.^tg.  26°,72369 
+  0x.  Astg.  27°,62679)_ 

23 

21  25  44.43 

+  2.11 

+  26  20  04.3 

+  31.0 

1/2  (Ox.  Astg.  27°,62647  +0x.  Aslg.  26°,73048) 

24 

21  40  38.86 

+  2.16 

+  24  53  30.6 

+  30.4 

1/2  (Ox.  Aslg.  25°,  74561  +  Par.  Aslg.  +24°,  21''36"\  304)            | 

25 

21  52  47.69 

+  2.20 

+  235031.7 

+  29.8 

1/2  (Par.  Astg.  24°,  21''52"',  498  +Par.  Astg.  23°,  21''48' 

',  342) 

26 

21  58  05.16 

+  2.23 

+  23  21  40.7 

+  29.4 

1/2  (A.G.Ber.  B  8489  +Par.  Aslg.  24°  ,22i'0"',  268) 

27 

22  15  16.10 

+  2.29 

+  21  58  24.4 

+  28.6 

1/2  (Par.  Astg.  22°.22M6"',495  +Par.  Astg.  21°.  22"12"', 

232) 
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COINIPARISOX   OF  11  ME    DETERMINATIONS   WITH    DIFFERENT   INSTRUMENTS, 

Hy  J.  C.  HAMMOND  and  C.  B.  WATTS. 
irominunicatPtl  by  Captain  W.  D.  MAcDoiKi.M.i.,  I'.  S.  Navy,  Suporintfiident,  U.  S.  Naval  Observatory) 


In  till'  Moiiihhj  Xoticex  of  (he  Uoynl  Aslroiioniiciil 
Society  for  January,  1922,  Prof.  H.  \.  S.\.mi'son  calls 
attention  to  the  fact  that  time  deterraination.s  made 
at  various  observatories  show  considerable  fluctuations, 
when  compared  by  means  of  radio  signals.  With  a 
view  to  delerminins  whether  such  flur'tiialious  are  due 
to  causes  peculiar  to  a  particular  instrument,  time 
has  been  determined  at  the  Naval  Observatory  with 
two  instruments  since  November  9,  1922. 

These  instruments  are  the  six-inch  transit  circle  and 
one  of  the  Prin  portable  transits,  which  has  an  aperture 
of  three  inches.  The  former  has  been  used  to  deter- 
mine the  time  at  the  Naval  Observatory  for  the  last 
twelve  years;  the  latter  was  used  in  the  determination 
of  the  difference  in  longitutle  between  Washington  and 
Paris  in  1913-14.  Both  instruments  are  e(|uii)])ed  with 
self-registering  micrometers,  that  of  the  Prin  being 
tl riven  by  a  motor.  A  reversing  prism  was  u.scd  on 
the  six-inch  throughout,  and  on  the  Prin  after  May  1. 
The  instrument  houses  are  about  300  feet  apart  and 
are  of  different  types  of  construction.  The  six-inch 
house  has  a  shutter  opening  of  about  '^}4  feet,  while 
the  roof  of  the  Prin  house  is  rolled  off  when  observing 
is  in  progress. 

The  same  stars  were  observed  on  iiotii  iastrunieiits 
each  night  and  the  transits  were  recorded  on  the  same 
chronograph,  so  that  the  comparison  is  not  affected 
ai)preciably  by  any  lag  of  relays.  The  Prin  transit 
was  reversed  on  every  star  and  readings  of  the  sjjirit 
level  and  also  of  the  mark  were  taken  between  stars. 
The  six-inch  was  rever.sed  about  once  a  month  until 
F(>bruary  22,  and  afterwards  between  successive  time 
determinations.  The  time  stars  w-ere  all  within  18 
degrees  of  the  zenitli,  and  about  the  same  number  of 
stars  were  ob.served  north  and  south  of  the  zenith  each 
night,  .so  as  to  eliminate  any  error  in  the  azimuth. 
The  latter  was  determined  from  ol>servations  of  cir- 
cumpolar  stars. 

The  irregularities  in  the  ])ivots  of  the  Prin  transit 
were  measured  with  an  axial  microscope  and  found  to 
be  too  small  to  produce  any  appreciable  effect  on  the 
time  determinations.  It  was  found  in  May  that  one 
(if  the  pins  in  the  l(>vel  frame  of  the  Prin  transit,  for 
holding  the  frame  in  a  vertical  position,  was  slightly 
bent,  causing  the  level  frame  to  be  inclined  to  the  ver- 
tical in  one  jiosition  of  the  level.  This  had  produced 
a  small  systematic  error  in  the  measured  level  con- 
slant,  and  a  correction,    —  0\072,  has  been  applied  to 


the  clock  corrections  of  the  Prin  liansit  determined 
before  May  30,  when  the  Iroulile  was  remedied. 

The  clamp  difference  of  the  six-inch  remainetl  prac- 
tically constant,  and  a  correction,  =t0'.024,  has  been 
applied  to  the  clock  corrections  determined  with  this 
instrument,  to  reduce  to  the  mean  of  the  two  clamps. 

The  following  table  gives  a  comparison  of  the  clock 
corrections  as  determined  with  the  two  instruments 
for  each  month,  from  November,  1922,  to  July,  1923, 
inclusive.  The  differences  are  in  the  sense  Prin  minus 
the  six-inch. 

Difference  Difference 

Mouth      in  Clock  No.  of        Month  in  Clock  No.  of 

Corrections       Nights.  Corrections       Nights. 

1922  1923 


Nov.  +0.001 

Dee.  +0.00") 

1923 

Jan.  +0.0(K) 

Feb.  -0.01.") 


11) 


Muvrh 

April 
May 
.lune 
July 


-0.002  12 

+  0.010  11 

-0.007  12 

-0.026  8 

-0.001  9 


These  differences  are  too  small  to  exjilain  the  fluctua- 
tions which  appear  in  radio  time  comparisons.  That 
such  fluctuations  occurred  during  the  course  of  these 
observations  is  evident  from  the  following  table  giving 
a  comparison  between  the  Washington  and  Paris  time 
determinations  by  means  of  the  Bordeaux  rhythmic 
wireless  time  signals.  These  signals  were  received 
and  recorded  automatically  during  the  winter  months 
by  the  time  service  of  the  Naval  Observatory.  The 
definitive  Paris  limes  of  the  Bordeaux  signals  were 
obtained  from  llie  liulUtni  lloraire  du  B.  I.  H.  The 
sign  (  +  )  means  that  the  Washington  recordeil  times 
are  later  than  the  Paris  times. 

Washington     No.  of 


Month 

—  Paris 

Days 

Month 

—  Paria 

Daj 

1922 

1923 

Nov. 

+  0.11 

9 

January 

+  0.04 

19 

Dec. 

+  0.09 

15 

February 

-  0.04 

19 

March 

-0.11 

Itj 

If  the  above  variation  is  ilue  in  part  to  errors  in  the 
time  determinations  at  the  Naval  Observatory,  it  is 
evident  that  such  errors  arise  from  local  conditions 
which  affect  the  observations  of  the  six-inch  and  Prin 
instruments  alike. 
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OBSERVATIONS   OF  THE   ECLIPSES   OF   SATELLITES   OF   JUPITER.    1922, 

MADE    WITH    THE    26-INCH    AND    12-INCH    REFRACTORS    OF   THE    U.  IS.    NAVAL   OU.SERVATORY, 

By   ASAPH   HALL   and   ERNEST   CLARE   BOWER. 

[Comnuinical.rd  by  Capt.  W.  D.  MacDougall,  U.  S.  Navy,  Superintendent  of  U.  S.  Naval  Olxscrvatory.] 


G.  M.  T. 


Ph. 

Seeing 

Inst. 

Power 

Obs. 

ReinarU; 


1922 


Jan. 

0 

14 

14 

m 

30 

Feb. 

22 

Mar. 

8 

8 

Apr. 

18 

18 

May 

11 

Jun. 

3 

22  28  46 
18  50  5 
18  49  55 
17  4  6 
17    3  53 

17  11  1 
20  57  21 
20  57  28 
15  59    4 

15  59    5 

16  10  7 
16  22  30 


Satollito  1 


D 

f 

26 

183 

Hl 

D 

vp 

26 

183 

Hl 

D 

vp 

12 

115 

B 

D 

vp 

26 

183 

Hl 

D 

vp 

12 

85 

B 

D 

vp 

26 

183 

Hl 

D 

f 

26 

183 

Hl 

D 

f 

12 

115 

H 

H 

f 

26 

183 

Hl 

H 

I' 

12 

85 

B 

H 

1' 

26 

183 

Hl 

W 

r 

26 

183 

Hl 

Clouds.     Haze. 

Early . 

ProbaI)ly  visible   b  biler. 

Late  3'.     Consitlcn'abk;  haze. 


bate  3"  =i-  1=.     Ibiz(\ 

bat-. 

Consiileraliie  haze.      (>bsei'\aliuii  wuitlilcss. 

Late.     Clouds.      Haze. 

Saw  i)i()iuenlaril>'  2"  before  given  time,  llieu  went  out. 


Satellite  II 
1922 
Jan.      12  I   19  30  26  I   D    I    vp    I    26    I   183  I   Hl  I   Eyepiece  fogged. 

12      19  30  30  I   D    I    p      I    12    I   115  |   B      |   bate  2'.     Some  haze. 


Ph.:     D  =  di«ippcaranee  of  last  speck  of  light,  R  =  reappearance  of  hrst  speck  of  light 

V.  >S'.  Naval  Obscrralori/,   W'nshirigloii,  D.  C, 
1923,  July  in. 


OCCULTATION   OF    VENUS, 

By   J.    G.   PORTER. 


The  following  observations  of  the  occultation  of 
Venus  on  the  morning  of  Jan.  13  were  made  at  the 
Cincinnati  Observatory.  E.  b  Yowell  observed  with 
the  16-inch  equatorial  and  J.  (b  Porter  with  tlie  1-inch 
equationab  The  pliases  arc  given  in  90th  meridian 
iime. 


Immersion,  south  cusp 
Immersion,  north  cusp 
Immersion,  limb 
lOmersion,  north  cusp 
Emersion,  south  c\\»y> 
Emersion,  liml) 

The  Cincinnati  Ohscrialory, 
Feb.  21,  1923. 


Yowell 

5''17"'06\8 

18  01  .3 

18  21  .0 
6  18  4i)  .0 

19  56  .4 

20  13  .0 


Porter 
5  17  05.0 


IS  23.5 
6  IS  48.0 
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OBSERVATIONS  OF  THE   SATELLITE   OF  NEPTUNE,    1921-23, 

WITH   TUB   26-INCH    KEPRACTOH    OF  TUB    U.    S.    NAVAL   OnSEUVATOHV, 

By  ASAPH    HALL  and   ERNEST   CLARE   HOWEli. 
|Ciiiiiniuiiicat(-il  hv  Captain    W.    I).    MacDougall,  U.  S.  Navy,  Suporintemlont.  of  II.  S.  Niivnl  Observiilory. 


Date 

G.  M.  T. 

P 

G.  M.  T. 

s 

Comp. 

Seeing 

Power 

Obs. 

Remarks 

h     m     s 

. 

h      m     s 

„ 

1921  Di<c. 

19 

19  18  31 

311.54 

19  20  46 

16.43 

4,  4 

P 

495 

B 

Faiul 

Haze. 

1022  Jan. 

30 

K)  lo27 

281.00 

16  17  15 

13.82 

4,5 

r 

495 

15 

Mar. 

17 

14  15  50 

323.37 

14  17  17 

16.62 

4,4 

r-P 

495 

Til 

23 

13  50  29 

319.70 

13  44  33 

16.04 

4,4 

!;■ 

495 

Hi 

I''aiiil 

al  lasl.      Haze. 

Apr. 

20 

14  35    3 

57.80 

14  36  52 

10.08 

4,  4 

1'  P 

195 

111 

22 

14  25  18 

295.01 

14  2749 

15.77 

4,  4 

f 

195 

]i 

1923  Feb. 

21 

15    2  58 

316.75 

15    8    4 

16.92 

4,4 

r 

195 

Ml 

I-'ainl. 

11  a /.p. 

Mar. 

o 

14  11  10 

309.00 

14  11     5 

16.75 

4,  4 

P   K 

195 

HI 

10 

17  20  17 

340.68 

17  17  24 

14.31 

t,  4 

P  !■ 

495 

111 

II 

11    0    7 

124.73 

13  59  36 

16.37 

4,4 

r 

495 

III 

17 

13  40  15 

301.69 

13  4531 

16.76 

4,  4 

r 

495 

HI 

Apr. 

(J 

13  59  57 

1  11.95 

13  58  39 

15.92 

■i,  i 

r-s 

495 

Hi 

l-'aint. 

9 

13  18    2 

321.13 

13  16  55 

16.57 

4,4 

1' 

495 

HI 

20 

13  40  25 

359.61 

13  44  27 

11.68 

4,4 

f 

495 

H! 

21 

13  53  25 

309.34 

13  51  23 

16.34 

4,4 

p 

495 

Ill 

Wind. 

May 

3 

13  39  20 

303.91 

13  41  48 

16.45 

4,4 

f  fi- 

495 

HI 

I'aint 

6 

13  57    5 

121.20 

13  57    5 

15.80 

4,  4 

f-K 

495 

Hi 

19 

13  59  58 

32.18 

14    4     1 

9.21 

h-i 

f-iX 

495 

HI 

Faint 

Haze. 

U.  S.  Naval  ObscrvatoTtj ,  Washinylun,  D.  (',, 
t023,  Jul.  24. 


DAYIJCIIT   ()( X TTLTATION    OF   ALDEBARAN, 


Hy   R.   a.   ROSSITER. 


.\  daylifilit  occulatiDn  ol  Aldebanni  Uy  tlir  Mdoii  wa.s 
iib.servcd  by  R.  A.  Ro.ssitkk,  as  follow.s: 

Imnirrsioii:    1923  April  19     6M8"'16.7''   A.  .\.  Sid.  Time 
10    5   17.5    G.  M.  T. 


Emersion 


7  40  47.2    A.  A.  Sid.  lime 
11  27  34.5    G.  M.  T. 


4"h("  obscrxalion  w.is  niiidc  willi  tiic  12-incli  refractor. 

The  time.s  ol'  observation  are  eoiieet  to  the  nearest 
half  second. 

A  clear  sky  and  good  seeing  attended  the  observation, 
l)ut  a  strong  wind  caused  some  vibration  of  the  tele- 
scope tube. 

Ann  Arbor, 
April  20,  192S. 
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DECLINATIONS  OF  336  STARS, 

By   SAMUEL    G.    BARTON. 


The  following  declinations  were  olitained  liy  meas- 
uring the  difference  of  declination  from  the  stars  of 
Boss's  Preliminary  General  Catalogue.  The  differences 
were  measured  with  the  micrometer  of  the  zenith-tele- 
scope of  the  Flower  Observatory,  between  OctoVjer 
1916  and  July  1920.  Observations  were  taken  with 
the  telescope  in  both  East  and  West  positions.  All 
of  the  stars  observed  are  contained  in  the  .4.  G.  Bonn 
Catalogue,  so  that  the  declinations  are  all  between  40° 
and  50°  North. 

The  columns  give  respectively  the  Bonn  number  of 
the  star  observed,  the  Boss  numlier  of  the  c()u>i)arison 


A.G. 
Bonn 

Boss 

f 
§ 

R.A.  1875 

Dec.  1875 

Diff. 

+ 
W2 

m' 

n 

h  m     s 

/  ,, 

188 

82 

7.2 

0  11  18 

43  52  59.10 

- 

1.10 

18.7 

-.027 

0 

196 

82 

7.0 

0  1 1  45 

43  51  50.10 

- 

1.40 

19.1 

-  .033 

4 

532 

180 

8.0 

0  34  34 

44  7  36.15 

+ 

2.35 

16.9 

-F.053 

4 

595 

180 

0.8 

0  39  10 

44  10  38.95 

- 

2.15 

16.8 

-.065 

6 

701 

180 

7.6 

0  45  39 

44  27  12.95 

- 

1.15 

19.3 

-.029 

5 

743 

180 

7.7 

0  48  25 

44  24  50.22 

- 

1.68 

18.7 

-.045 

5 

760 

246 

8.3 

0  49  51 

43  30  6.01 

- 

0.59 

18.4 

-.017 

4 

1018 

246 

7.7 

1  6  20 

43  30  35.33 

- 

2.77 

17.5 

-.062 

5 

1066 

304 

7.7 

1  9  58 

44  56  9.57 

- 

1.03 

18.7 

-.025 

5 

1070 

246 

7.9 

1  10  16 

43  23  55.02 

- 

0.38 

17.7 

-.009 

4 

1095 

304 

8.0 

1  11  32 

45  0  30.71 

+ 

0.41 

17.5 

+  .011 

5 

1098 

304 

7.9 

1  11  44 

45  2  48.98 

+ 

1.68 

18.4 

+  .038 

4 

1117 

246 

8.4 

1  12  52 

43  17  42.25 

- 

0.65 

17.7 

-.015 

5 

1185 

304 

8.5 

1  18  1 

44  57  1.54 

- 

0.66 

20.0 

-.014 

4 

1212 

304 

8.1 

1  19  26 

45  1  35.75 

- 

0.45 

18.4 

-.010 

4 

1246 

304 

7.7 

1  21  16 

44  59  6.24 

+ 

0.24 

17.6 

+  .006 

4 

1303 

420 

7.5 

1  26  15 

40  15  31.76 

- 

1.84 

17.7 

-.047 

4 

1385 

304 

8.1 

1  30  51 

45  1  34.98 

- 

1.92 

16.9 

-.060 

5 

1388 

420 

8.3 

1  30  57 

40  17  12.20 

- 

1.40 

18.7 

-.042 

4 

1412 

420 

7.1 

1  32  43 

40  2  55.36 

- 

2.74 

17.7 

-.074 

4 

1438 

304 

8.0 

1  34  21 

44  56  38.59 

+ 

0.09 

17.6 

+  .003 

4 

1464 

420 

8.4 

1  36  1 

40  20  37.85 

- 

1.15 

18.5 

-.027 

4 

1497 

420 

8.0 

1  38  53 

40  21  23.54 

- 

2.oe 

16.9 

-.057 

5 

star,  the  magnitude  of  the  star  obs(>rvefl,  its  right  as- 
cension as  given  in  the  catalogue,  the  observed  declina- 
tion reduced  to  1875  with  the  constants  of  the  cata- 
logue, the  difference  in  declination,  observed  minus 
Bonn,  the  mean  epoch  of  the  observations,  the  result- 
ing proper-motion  in  declination  and  the  number  of 
observations.  If  the  star  is  contained  in  the  Catalogue 
of  Proper-Motion  Stars,  Publications  of  the  Cincinnati 
Observatory,  No.  18,  the  fact  is  noted  below  the  table. 
Some  of  the  stars  given  in  Astronomical  Journal,  No. 
762,  of  which  additional  observations  have  been  securcnl 
or  errors  of  position  noted,  are  repeated  herein. 


A.G. 
Bonn 

Boss 

OS 

R.A.  1875 

Dec.  1875 

Diff. 

+ 

H2 

m' 

n 

h  m  s 

O      1               tt 

,^ 

1533 

420 

8.5 

1  41  11 

40  20  11.78 

-  0.52 

18.0 

-.013 

3 

1613 

420 

7.4 

1  47  8 

40  2  23.48 

-  0.52 

18.8 

-.015 

4 

1618 

420 

6.9 

1  47  23 

40  5  15.27 

-  3.33 

17.9 

-.090 

6 

1665 

420 

7.8 

1  50  24 

40  20  20.03 

-  1.57 

17.5 

-.034 

2 

1681 

420 

8.3 

1  50  50 

40  18  10.40 

-  1.00 

18.0 

-.023 

5 

1788 

529 

8.4 

1  58  27 

46  27  4.85 

-  0.0.5 

16.9 

-.001 

6 

1796 

529 

8.5 

159  1 

46  37  58.72 

+  0.52 

18.4 

+  .012 

4 

1895 

529 

6.5 

2  6  2 

46  53  54.87 

-  1.33 

18.4 

-.035 

4 

1895 

522 

6.5 

2  6  2 

46  53  55.12 

-  1.08 

18.4 

-.028 

4 

2101 

619 

8.1 

2  21  50 

43  35  45.75 

+  1.65 

18.9 

+  .037 

4 

2122 

619 

8.3 

2  23  38 

43  55  56.45 

+  0.25 

16.9 

+  .006 

6 

2143 

619 

8.3 

2  25  2 

43  54  18.26 

-  1.04 

18.0 

-.023 

4 

2225 

619 

8.3 

2  30  31 

44  1  6.62 

+  0.32 

17.7 

+  .007 

4 

2251 

619 

7.4 

2  32  31 

43  33  5.49 

-  0.99 

17.5 

-.022 

5 

2384 

619 

8.3 

2  39  45 

43  40  51.01 

-  1.39 

18.1 

-.031 

6 

2398 

672 

7.5 

2  40  48 

46  41  41.76 

-  3.14 

17.8 

-.073 

4 

2491 

672 

6.9 

2  48  7 

46  39  19.56 

-  1.04 

16.9 

-.028 

5 

2586 

740 

8.4 

2  55  46 

13  37  13.89 

-  0.51 

18.5 

-.011 

4 

2622 

672 

7.0 

2  59  14 

46  49  26.38 

-  0.02 

16.9 

-.000 

4 

2680 

740 

8.2 

3  4  8 

43  23  13.07 

-  1.53 

19.2 

-  .036 

5 

2685 

740 

8.2 

3  4  33 

43  48  53.67 

-  1.33 

17.9 

-.030 

4 

2700 

740 

7.6 

3  5  29 

43  23  37.20 

-  3.40 

19.5 

-.081 

4 

2779 

805 

7.9 

3  1 1  48 

45  25  2.84 

-  1.06 

16.9 

-.025 

4 

(109) 


IHt 

T  11  10 

AS 

T  H  O  N  ()  ]\I1  C  A  L  J  () 

'  H  N  A  L 

N"-  830 

A.Ci. 
Bonn 

Boss 

a 

R.A.  1875 

Dec.  1875 

DifT. 

as 

.   p 

A.G. 
Bonn 

Boss 

a 

R.A.  1875 

Dec.  1875 

Diff. 

+ 
W2 

*«' 

n 

h  m  !. 

O     /     II 

„ 

h  m  s 

,, 

:i012 

853 

S.l 

3  26  26 

45  1  38.59 

— 

1.41 

19.7 

-.031 

5 

5173 

1606 

8.4 

6  1 1  33 

49  24  11.91 

+ 

0.81 

18.4 

+  .019 

6 

3()S<t 

805 

8.0 

3  32  34 

45  2!)  19.45 

+ 

0.35 

17.5 

+  .009 

2 

5352 

1724 

7.4 

6  26  52 

43  48  3.99 

+ 

0.09 

17.2 

+  .002 

4 

3l)S!t 

853 

S.O 

3  32  34 

45  29  19.86 

+ 

0.76 

17.9 

+  .019 

2 

5354 

16<)4 

8.0 

6  27  3 

42  42  35.60 

- 

l.!)0 

19.2 

-.040 

4 

31)02 

805 

S.7 

3  32  40 

45  45  36.!)4 

— 

6.66 

17.8 

-.166 

4 

5555 

1724 

8.7 

6  42  50 

43  48  43.38 

- 

2.02 

18.0 

-.044 

5 

30!)!) 

853 

8.3 

3  33  37 

45  1  58.()8 

— 

1.22 

19.6 

-.029 

4 

5567 

1694 

8.1 

6  43  40 

42  45  52.18 

+ 

0.58 

18.5 

+  .013 

5 

312;-. 

805 

6.5 

3  35  56 

15  42  6.63 

- 

0.87 

17.8 

-.022 

4 

5581 

1779 

7.5 

6  44  43 

46  21  59.96 

- 

1.44 

19.0 

+  .031 

5 

3145 

889 

8.1 

3  37  4 1 

48  24  29.63 

- 

0.37 

17.0 

-.009 

4 

5683 

1860 

8.5 

6  52  37 

47  16  51.85 

+ 

0.25 

17.1 

+  .006 

4 

3213 

853 

8.5 

3  42  53 

45  4  21.64 

+ 

0.14 

19.7 

+  .003 

5 

5711 

1860 

7.7 

6  54  42 

47  13  40.75 

+ 

0.95 

17.2 

+  .023 

7 

32-40 

853 

8.2 

3  45  14 

15  8  15.39 

- 

0.41 

19.3 

-.009 

4 

5730 

1860 

8.5 

6  56  47 

47  15  24.79 

- 

3.01 

18.0 

-.072 

5 

3287 

889 

8.0 

3  50  15 

48  24  1.83 

+ 

0.43 

16.9 

+  .010 

7 

5904 

1!)86 

8.2 

7  12  46 

46  27  26.00 

- 

2.10 

19.5 

-.047 

3 

3333 

889 

7.8 

3  54  14 

48  29  23.58 

- 

1.12 

16.9 

-.027 

4 

5978 

1!)86 

7.5 

7  19  5 

46  14  19.83 

- 

1.27 

19.0 

-.031 

5 

339o 

990 

8.0 

3  59  1 1 

49  32  51.69 

- 

4.21 

18.7 

-.113 

4 

6065 

1919 

8.0 

7  26  12 

41  8  42.42 

+ 

0.82 

19.5 

+  .018 

3 

3401 

990 

7.4 

3  59  29 

49  51  48.95 

- 

0.95 

17.1 

-.025 

6 

6089 

1919 

7.8 

7  28  44 

41  7  11.25 

+ 

1.65 

19.2 

+  .036 

4 

35.-)!) 

!)90 

7.2 

4  12  23 

49  43  59.06 

+ 

0.16 

17.7 

+  .004 

8 

(•)092 

1919 

8.2 

7  28  45 

41  3  35.21 

+ 

1.11 

18.2 

+  .025 

4 

3615 

1000 

8.2 

4  18  3 

42  37  33.18 

- 

7.52 

19.1 

-.187 

4 

6195 

1!)86 

8.3 

7  37  39 

46  23  35.47 

- 

2.73 

18.4 

-.082 

6 

3G25 

1 00 1 

7.4 

4  18  57 

42  54  21.23 

— 

0.98 

19.1 

-.020 

3 

6215 

2079 

8.2 

7  39  2 1 

48  4  30.78 

— 

9.02 

18.0 

-.236 

5 

3095 

1102 

7.5 

4  25  18 

49  51  30.25 

— 

0.65 

16.9 

-.016 

4 

6312 

2148 

S.3 

7  49  30 

42  59  5.18 

— 

1.92 

18.2 

-.057 

4 

3715 

1060 

7.9 

4  27  14 

42  34  34.14 

- 

2.26 

18.0 

-.049 

3 

6315 

2142 

7.7 

7  49  51 

43  50  12.96 

+ 

0.96 

17.1 

+  .021 

4 

3729 

1060 

S.O 

4  28  39 

42  45  47.80 

- 

1.60 

20.1 

-.038 

2 

6324 

2079 

8.5 

7  50  52 

48  7  19.40 

- 

2.00 

17.7 

-.046 

4 

3729 

1061 

8.0 

4  28  39 

42  45  47.93 

— 

1.47 

19.1 

-  .035 

2 

6436 

2142 

8.4 

8  2  50 

13  46  28.20 

+ 

0.50 

18.2 

+  .011 

4 

3744 

1060 

8.0 

4  29  37 

42  42  4!).01 

- 

0.19 

18.8 

-  .005 

5 

()450 

2142 

S.2 

8  4  32 

43  22  20.00 

— 

1.80 

17.2 

-.040 

4 

3851 

1102 

8.1 

4  39  23 

49  51  48.32 

— 

1.38 

16.9 

-  .035 

4 

()466 

2142 

7.1 

8  6  13 

43  24  40.07 

- 

0.73 

17.2 

-.017 

5 

4058 

1230 

8.0 

4  53  32 

46  28  30.00 

— 

1.10 

17.4 

-.031 

3 

()499 

2142 

7.4 

8  9  17 

43  47  33.67 

+ 

0.87 

17.2 

+  .021 

4 

4219 

1222 

8.5 

5  3  51 

46  41  58.96 

- 

4.14 

20.1 

-.108 

3 

6648 

2220 

7.7 

8  24  18 

42  33  36.86 

.- 

0.84 

17.2 

-  .026 

4 

4219 

1230 

8.5 

5  3  51 

46  41  59.03 

— 

4.07 

20.1 

-.107 

3 

6668 

2333 

8.6 

8  27  8 

42  10  53.47 

— 

29.13 

18.6 

-.615 

5 

4232 

1222 

7.9 

5  4  31 

46  49  24.50 

+ 

0.40 

18.8 

+  .010 

3 

6683 

2333 

8.5 

8  28  44 

42  13  10.48 

+ 

0.08 

18.7 

+  .002 

4 

4232 

1230 

7.9 

5  4  31 

46  49  25.14 

+ 

1.04 

18.8 

+  .027 

3 

6691 

2333 

8.6 

8  29  18 

42  14  5.08 

- 

3.42 

18.7 

-  .079 

4 

4351 

1222 

7.7 

5  11  20 

46  49  5 1 .33 

— 

0.87 

19.3 

-.020 

5 

6747 

2392 

8.0 

8  35  20 

45  54  4.76 

- 

0.74 

18.2 

-.018 

4 

4351 

1230 

7.7 

5  1 1  20 

46  49  52. 1 1 

— 

0.07 

18.9 

-  .002 

5 

6836 

2392 

8.4 

8  47  6 

46  8  8.58 

- 

0.22 

19.2 

-  .005 

6 

4371 

1230 

8.7 

5  12  47 

46  34  40.01 

- 

1.59 

19.1 

-.040 

4 

6912 

2405 

7.7 

8  56  10 

43  56  6.13 

- 

1.07 

17.3 

-  .026 

4 

4388 

1222 

8.1 

5  13  43 

46  51  4(i.23 

- 

4.37 

19.1 

-.106 

4 

6916 

2465 

7.9 

8  56  35 

43  57  4.77 

- 

2.63 

17.7 

-.063 

4 

4  388 

1230 

8.1 

5  13  43 

46  51  46.79 

- 

3.81 

19.1 

-  .093 

4 

6957 

2333 

8.4 

9  0  40 

45  53  59.95 

- 

0.05 

18.7 

-.001 

4 

4422 

1222 

8.3 

5  15  53 

46  49  8.99 

- 

2.31 

18.8 

-  .053 

3 

6965 

2484 

8.2 

9  1  26 

47  30  51.87 

- 

1.23 

17.2 

-.028 

4 

4422 

1230 

8.3 

5  15  53 

46  49  9.58 

- 

1.72 

19.2 

-.039 

2 

6995 

2484 

7.9 

9  5  12 

47  30  8.84 

+ 

0.74 

17.2 

+  .019 

4 

4432 

1222 

8.2 

5  16  55 

46  42  ll.!)9 

- 

1.91 

20.1 

-  .047 

3 

7011 

2531 

8.4 

9  7  11 

45  57  20.96 

- 

1.34 

18.2 

-.052 

5 

4432 

1230 

8.2 

5  16  55 

46  42  12.27|- 

1.63 

20.1 

-.040 

3 

7030 

2465 

8.2 

9  8  55 

43  36  15.85 

+ 

0.75 

18.2 

+  .016 

5 

455(j 

1411 

7.4 

5  25  46 

49  30  34.99 

- 

1.11 

17.1 

-.030 

3 

7065 

2531 

7.1 

9  13  8 

45  53  53.25 

- 

1.65 

17.2 

-.039 

4 

4700 

1487 

7.9 

5  36  56 

47  50  51.00 

+ 

0..50 

19.1 

+  .013 

4 

7088 

2531 

8.3 

9  16  7 

46  11  18.52 

- 

l.<)8 

18.9 

-.043 

6 

4738 

1487 

8.8 

5  40  6 

47  48  2.79 

- 

1.41 

19.1 

-.032 

4 

7089 

2465 

7.9 

it  16  13 

43  30  4!).34 

- 

1 .36 

18.2 

-.031 

5 

4830 

1487 

8.2 

5  46  56 

47  41  28.05 

- 

1.25 

19.6 

-.028 

4 

7183 

2601 

8.1 

9  27  27 

40  32  39.65 

+ 

0.65 

17.8 

+  .015 

5 

4857 

1506 

8.2 

5  49  4 

43  1 1  4.38 

— 

0.92 

17.4 

-.021 

4 

7185 

2601 

7.3 

9  27  33 

40  31  4.24 

+ 

0.84 

18.6 

+  .022 

5 

4895 

1506 

8.1 

5  51  13 

43  10  6.63 

- 

0.47 

17.6 

-.011 

6 

7186 

2601 

8.3 

9  27  34 

40  30  43.04 

+ 

1.44 

18.0 

+  .047 

5 

l!)27 

1487 

7.5 

5  53  16 

47  48  4.81 

+ 

4.01 

20.1 

+  .095 

4 

7204 

2626 

8.3 

9  29  44 

46  27  51.41 

- 

3.69 

18.2 

-.082 

5 

4930 

1487 

7.4 

5  53  39 

47  59  5.46 

- 

3.34 

19.6 

-.076 

5 

7280 

2626 

8.0 

9  37  58 

46  26  37.75 

+ 

0.65 

18.2 

+  .014 

5 

5030 

1506 

7.3 

6  0  39 

43  9  23.51 

- 

0.49 

17.1 

-.011 

6 

7283 

2601 

8.5 

9  38  24 

40  26  42.50 

+ 

0.60 

17.8 

+  .015 

5 

5059 

1506 

7.4 

6  2  2!) 

43  11  8.62 

+ 

0.22 

17.2 

+  .005 

6 

7313 

2665 

8.3 

9  41  18 

41  38  14.96 

- 

3.66 

18.2 

-.076 

4 

5173 

1606 

8.4 

6  1 1  33 

49  24  11.91 

+ 

0.81 

18.4 

+  .019 

6 

7373 

2626 

8.5 

9  49  19 

46  29  48.98 

— 

4.42 

18.6 

-.106 

5 

5081 

1606 

8.4 

()  4  4 

49  29  3.10 

0.00 

17.6 

.000 

4 

7393 

2665 

8.4 

9  52  0 

41  43  39.78 

- 

1.02 

17.9 

-.021 

3 

5122 

1606 

7.4 

6  7  41 

49  31  26.48 

+ 

0.28 

17.6 

+  .007 

5 

7495 

2773 

7.7 

10  3  57 

42  20  47.64 

- 

1.66 

18.2 

-  .037 

4 

5138 

1606 

8.2 

6  8  49 

49  13  43.44 

- 

3.26 

19.0 

-.078 

5 

7508 

2744 

8.1 

10  5  54 

42  30  2.71 

+ 

0.61 

20.2 

+  .014 

4 
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A.G. 
Bonn 


7513 
7544 
7590 
7628 
7646 
7662 
7689 
7700 
7725 
7793 
7867 
7881 
7931 
7943 
79()r. 
8015 
8022 
8095 
8109 
8219 
8243 
8349 
8467 
8483 
8532 
8557 
8715 
8777 
9044 
9044 
9081 
9081 
9141 
9141 
9160 
9160 
9205 
9205 
9224 
9384 
9404 
9422 
9455 
9523 
9609 
9658 
9703 
9709 
9804 
9840 


Boss  ^   R.A.  1875 


2744 
2773 
2806 
2806 
2773 
2744 
2806 
2806 
2912 
2920 
2912 
2920 
2!)20 
2995 
2995 
3028 
3028 
3083 
3085 
3143 
3143 
3143 
3193 
3193 
3297 
3297 
3297 
3396 
3500 
3568 
3500 
3568 
3500 
3568 
350C 
3568 
350G 
3568 
3658 
3733 
3658 
3733 
3733 
3764 
3789 
3789 
3853 
3789 
3922 
3922 


8.2 

6.8 

8. 

7.0 

8.2 

8.5 

8.6 

8.4 

8.0 

7.1 

8.0 

8.0 

8.4 

8 
8.6 
8.6 
8.5 
8.5 
8.4 
8.4 
7.9 
7.1 
7.7 
8.0 
8.3 
8.1 
8.3 
7.5 

3 
7.3 
8.5 
8.5 
7.5 
7.5 
6.S 
6.8 
7.8 
7.8 
8.1 
8.5 
7.8 
7.0 
7.2 

6 
8.6 
8.9 
7.5 
8.2 
8.2 
8.6 


10  ( 
10  9 
10  16 
10  20 
10  23 
10  25 
10  29 
10  31 
10  35 
10  45 
10  54 

10  56 
I'l  5 

11  7 
11  9 
11  16 
11  18 
1 1  25 
11  28 
11  44 

11  47 

12  1 
12  15 
12  17 
12  24 
12  27 
12  47 

12  57 

13  32 
13  32 
13  36 
13  36 
13  45 
13  45 
13  48 
13  48 
13  54 
13  54 

13  56 

14  15 
14  17 
14  19 
14  23 
14  31 
1441 
14  48 
14  52 

14  53 

15  3 
15    7 


Dec.  1875 


Diff. 


H2 


42  25 
42  5 
49  43 
49  35 
42  6 
42  22 
49  47 
49  51 
42  32 

40  50 

42  31 

41  10 

41  12 
44  0 

43  57 
43  48 
43  54 

42  27 

42  19 

43  37 
43  36 
43  47 
41  24 
41  24 
41  31 
41  25 

41  34 
46  3 

42  50 
42  50 
42  50 
42  50 
42  46 
42  46 
42  48 
42  48 
42  39 
42  39 

41  53 
49  52 

42  1 
49  58 
49  57 
40  47 
46  27 
46  39 
48  53 
46  45 
40  8 
40    7 


55.30 
23.84 
41. OC 
59.59 
54.05 
35.14 
15.13 
22.64 
53.92 

7.18 
52.16 
35.19 
48.00 
43.81 
31.67 
28.17 

6.92 
53.76 
40.85 
33.61 
41.79 
36.16 
10.60 
44.00 
16.04 

2.98 
10.91 
26.27 
17.70 
16.92 
40.00 
39.27 
28.55 
28.05 

3.11 

2.72 
22.76 
22.06 
44.31 
20.89 
16.35 
24.38 
23.49 
54.33 
50.89 
58.17 
42.24 

9.14 
50.60 
45.50 


+    1 


00 
2.06 
1.14 
1.59 
1.75 
0.14 
0.43 
0.06 
0.72 
3.02 
0.24 
0.31 
0.40 
4.99 
1.73 
3.53 
0.92 
2.04 
0.55 
0.01 
1.91 
0.03 
0.30 
1.80 
1.56 
1.32 
1.79 
0.77 
0.10 
0.88 
3.70 
4.43 
0.75 
0.25 
0.31 
0.08 
2.16 
1.46 
0.91 
0.29 
0.55 
0.18 
1.09 
0.47 
0.01 
0.07 
4.64 
1.26 
1.90 
7.00 


18.7 
18.2 
17.2 
17.2 
18.2 
19.0 
18.0 
19.1 
18.3 
17.2 
18.2 
19.0 
19.5 
17.4 
18.9 
19.2 
18.9 
18.8 
19.6 
19.1 
18.6 
19.8 
18.9 
19.5 
19.3 
19.5 
18.7 
18.3 
19.3 
20.3 
19.6 
20.3 
20.3 
20.C 
20.3 
19.7 
20.4 
19.8 
18.7 
4 
19.1 
18.2 
18.2 
19.2 
18.9 
18.9 
18.4 
18.4 
19.2 
19.2 


.026 
.047 
.030 
.040 
.037 
.003 
.010 
.015 
.015 
.067 
.005 
.006 
.008 
.109 
.047 
.079 
.018 
.042 
.011 
.000 
.040 
.001 
.006 
.036 
.032 
.027 
.037 
.017 
.002 
.018 
.075 
.088 
.015 
.005 
.006 
.002 
.043 
.029 
.019 
.007 
.011 
.005 
.027 
.010 
.000 
.002 
.112 
.032 
.039 
.156 


A.G. 
Bonn 

Boss 

f 
S 

R.A.  1875 

Dec.  1875 

Diff. 

+ 

W2 

.' 

n 

h  m  s 

o    /    >/ 

,, 

9857 

3853 

7.2 

15  9  53 

48  26  6.69 

- 

0.61 

18.2 

-.014 

4 

9886 

3922 

8.1 

15  13  59 

40  3  57.36 

- 

2.04 

19.0 

-.042 

5 

9985 

3979 

7.6 

15  25  36 

40  48  46.52 

+ 

1.82 

18.7 

+  .045 

4 

10051 

3979 

8.2 

15  31  32 

40  44  12.28 

- 

3.32 

19.4 

-.075 

5 

10125 

4056 

8.3 

15  39  53 

43  6  49.02 

- 

0.08 

19.2 

-.002 

4 

10136 

3979 

7.6 

15  41  7 

40  34  5.85 

- 

1.55 

18.7 

-.037 

4 

10189 

4056 

8.6 

15  47  30 

43  7  20.84 

+ 

1.74 

19.4 

+  .040 

3 

10273 

4056 

8.6 

15  57  9 

43  5  25.05 

- 

1.45 

18.4 

-.039 

3 

10403 

4124 

8.1 

16  8  40 

43  58  7.88 

- 

0.92 

18.5 

-.029 

4 

10467 

4209 

6.8 

16  15  42 

49  20  18.66 

+ 

1.06 

19.9 

+  .025 

4 

10479 

4209 

8.5 

16  16  48 

49  20  56.02 

+ 

3.02 

20.4 

+  .070 

3 

10482 

4124 

7.3 

16  17  13 

44  6  57.22 

- 

2.48 

18.5 

-.057 

5 

10504 

4201 

8.1 

16  19  42 

42  24  0.82 

~ 

0.38 

17.7 

-  .007 

4 

10562 

4209 

8.1 

16  25  29 

49  15  0.04 

0.56 

19.7 

-.012 

5 

10603 

4228 

8.5 

16  29  53 

46  48  48.25 

+ 

3.75 

19.0 

+  .092 

4 

10656 

4209 

7.4 

16  35  8 

49  6  35.17 

- 

0.53 

19.5 

-.012 

4 

10670 

4201 

8.1 

16  36  41 

42  23  17.63 

- 

1.87 

17.6 

-.048 

5 

10693 

4305 

8.1 

16  39  31 

42  50  56.04 

+ 

1.84 

19.0 

+  .044 

4 

10804 

4349 

7.2 

16  49  47 

43  59  21.79 

- 

2.81 

18.2 

-.070 

4 

10845 

4349 

7.2 

16  53  31 

43  52  37.49 

- 

0.11 

17.9 

-.003 

5 

10886 

4349 

8.5 

16  56  25 

43  56  22.73 

- 

0.87 

19.2 

-.018 

4 

11014 

4408 

8.7 

17  7  45 

46  9  50.17 

- 

3.33 

19.0 

-.078 

4 

11050 

4408 

8.4 

17  11  37 

46  8  27.06 

- 

2.24 

18.9 

-.050 

5 

11094 

4349 

8.2 

17  14  54 

43  44  21.67 

- 

1.53 

17.6 

-.038 

2 

11208 

4408 

8.0 

17  24  44 

46  9  56.95 

- 

0.25 

19.5 

-.006 

4 

11209 

4484 

6.8 

17  24  52 

41  29  58.74 

- 

0.26 

17.9 

-.005 

4 

11216 

4408 

8.2 

17  26  0 

46  27  1.41 

+ 

3.21 

17.5 

+  .081 

4 

11308 

4514 

7.9 

17  33  16 

48  32  11.44 

- 

6.56 

20.0 

-.149 

4 

11342 

4514 

7.8 

17  35  52 

48  30  36.61 

- 

2.19 

19.1 

-.o:,3 

4 

11489 

4514 

8.1 

17  47  31 

48  25  49.02 

+ 

1.12 

18.6 

+  .031 

5 

11489 

4572 

8.1 

17  47  31 

48  25  48.82 

+ 

0.92 

18.6 

+  .026 

5 

11579 

4514 

7.3 

17  54  14 

48  18  28.75 

+ 

0.35 

18.3 

+  .008 

3 

11579 

4572 

7.3 

17  54  14 

48  18  28.62 

+ 

0.22 

18.4 

+  .005 

5 

11618 

4514 

8.0 

17  57  20 

48  24  45.90 

- 

0.10 

18.6 

-  .002 

2 

11618 

4572 

8.0 

17  57  20 

48  24  45.43 

- 

0.57 

18.2 

-.014 

5 

11763 

4514 

7.3 

18  6  38 

48  22  30.54 

+ 

3.84 

18.6 

+  .109 

2 

11763 

4572 

7.3 

18  6  38 

48  22  30.09 

+ 

3.39 

17.9 

+  .098 

6 

11786 

4572 

7.3 

18  8  18 

48  15  37.82 

- 

1.18 

17.6 

-.029 

4 

11848 

4872 

6.7 

18  13  8 

48  19  25.15 

- 

0.05 

17.5 

-.001 

4 

11857 

4653 

7.7 

18  13  42 

49  2  51.81 

+ 

0.61 

18.9 

+  .014 

6 

12067 

4741 

8.0 

18  27  53 

14  55  39.27 

- 

13.83 

18.6 

-.387 

6 

12287 

4805 

8.1 

18  41  42 

41  16  24.03 

+ 

0.03 

18.6 

+  .001 

4 

12287 

4870 

8.1 

18  41  42 

41  16  23.82 

- 

0.18 

18.4 

-  .004 

5 

12290 

4805 

6.4 

18  42  13 

41  18  29.65 

+ 

0.15 

19.7 

+  .003 

4 

12290 

4870 

6.4 

18  42  13 

41  18  29.68 

+ 

0.18 

19.7 

+  .004 

2 

12360 

4805 

8.1 

18  46  35 

41  21  39.43 

+ 

0.33 

19.0 

+  .007 

3 

12360 

4870 

8.1 

18  46  35 

41  21  39.19 

+ 

0.09 

18.6 

+  .002 

4 

12380 

4805 

7.8 

18  47  48 

41  18  53.58 

- 

0.92 

19.0 

-.019 

3 

12380 

4870 

7.8 

18  47  48 

41  18  53.67 

- 

0.83 

18.3 

-.018 

8 

12381 

4741 

7.1 

18  47  49 

44  59  2.85 

- 

0.28 

18.3 

-.007 

4 
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A.C. 
Bonn 

Bivvs 

R.A.  ISTo 

Dw.  ISTo 

'  Hi- 

m' 

;i 

A.G. 
Bonn 

Boss 

R.A.  187.5 

Dee.  1875 

Diff. 

^1 

m' 

n 

h  m  s 

0     ,     // 

„ 

h  m  s 

o    .    ./ 

,, 

1238!) 

1870 

6.7 

18  48  7 

41  13  55.79 

+ 

0.29 

19.7 

+  .006 

4 

15123 

5389 

7.2 

21  4  36 

46  45  52.02 

+ 

0.62 

19.2 

.014 

5 

12520 

4870 

7.8 

18  57  8 

41  14  13.31 

+ 

0.91 

18.4 

+  .023 

5 

15213 

5474 

7.8 

21  8  32 

43  21  31.08 

- 

0.22 

18.6 

-.005 

4 

12528 

4805 

7.1 

18  57  39 

41  18  36.22 

+ 

2.12 

18.3 

+  .045 

3 

15225 

5474 

8.5 

21  9  12 

43  11  .32.81 

- 

0.09 

19.7 

-.002 

2 

12711 

4870 

7.3 

19  8  12 

41  140.18 

- 

2.82 

19.3 

-  .068 

5 

15328 

5539 

8.3 

21  13  .57 

49  24  22.28 

+ 

0.48 

19.0 

.012 

4 

12753 

4870 

8.5 

19  10  17 

41  5  25.54 

+ 

1.64 

19.7 

+  .035 

2 

15343 

5539 

7.5 

21  14  30 

49  32  34.39 

+ 

0.19 

19.7 

.005 

4 

12755 

487( 

8.4 

19  10  22 

41  2  38.32 

- 

0.78 

19.7 

-.016 

2 

1.5410 

.5474 

8.2 

21  IS  4 

43  12  32.80 

+ 

0.30 

19.3 

.007 

5 

12771 

4870 

8.1 

19  11  29 

41  22  25.84 

- 

0.66 

18.1 

-.015 

4 

1.5499 

5539 

8.6 

21  21  .54 

49  15  6.41 

+ 

1.31 

18.6 

.033 

4 

12801 

4870 

7.5 

19  13  3 

41  2  26.74 

- 

0.26 

19.7 

-  .007 

6 

15505 

5474 

7.3 

21  22  2 

43  16  13.33 

— 

1.27 

19.3 

-.029 

5 

12854 

4960 

8.0 

19  15  15 

49  59  54.85 

- 

1.3.- 

18.!- 

-.032 

5 

15575 

5.539 

7.1 

21  24  26 

49  14  .57.74 

+ 

1.74 

17.4 

.049 

4 

12801 

4870 

7.5 

19  15  28 

41  2  25.22 

- 

1.7.' 

19.7 

-.041 

5 

15773 

5579 

7.3 

21  33  2 

40  31  13.64 

— 

4.46 

18.5 

-.100 

4 

12894 

4966 

7.5 

19  17  16 

50  6  16.71 

+ 

2.41 

19.3 

+  .057 

5 

15796 

5539 

6.8 

21  34  0 

49  13  .55.95 

+ 

0.45 

19.2 

.011 

4 

12937 

1966 

6.9 

1920  7 

50  1  40.37 

+ 

0.17 

19.3 

+  .004 

6 

1.5797 

5539 

8.1 

21  34  0 

49  23  .54.15 

+ 

1.45 

18.6 

+  .038 

4 

1300(1 

496(1 

S.l 

19  23  29 

49  53  28.6t 

+ 

3.4( 

19.7 

+  .080 

5 

15999 

5579 

7.8 

21  44  5 

40  .38  21.73 

+ 

4.53 

17.3 

+  .107 

2 

13099 

4966 

7.5 

19  27  43 

49  55  56.04 

+ 

1.64 

19.0 

+  .044 

8 

16041 

56(59 

S.4 

21  46  1 

43  55  18.12 

- 

1..58 

18.7 

-.036 

4 

13117 

496( 

S.S 

19  28  44 

49  54  26.98 

+  11.78 

18.9 

+  .278 

4 

16117 

5669 

7.0 

21  50  16 

43  49  38.53 

- 

0.77 

18.5 

-.017 

3 

13193 

1966 

6.9 

19  32  35 

49  57  34.47 

+ 

2.07 

18.8 

+  .051 

(5 

16128 

5669 

8.2 

21  .50  31 

44  12  12.11 

- 

0.79 

19.7 

-.018 

5 

13211 

5070 

S.3 

19  33  14 

40  18  28.39 

- 

0.51 

19.7 

-.012 

4 

16194 

56()9 

8.4 

21  53  34 

44  5  43.49 

- 

0.41 

19.7 

-.010 

5 

13217 

5070 

8.3 

19  33  32 

10  13  52.62 

- 

1.(58 

19.7 

-.034 

3 

16223 

5669 

8.2 

21  .55  3 

43  .57  10.11 

+ 

1.11 

18.7 

+  .025 

6 

13234 

5070 

7.7 

19  34  54 

10  20  26.27 

- 

3.23 

19.7 

-  .067 

5 

16254 

5669 

8.3 

21  56  18 

44  4  48.35 

- 

1.15 

19.7 

-.033 

4 

13308 

5070 

6.8 

19  38  42 

to  25  30.16 

- 

1.74 

19.6 

-  .039 

4 

16284 

5737 

7.7 

21  57  36 

42  12  41.24 

+ 

1.44 

16.8 

+  .03r. 

4 

13333 

5070 

8.5 

19  40  1 

40  19  34.15 

- 

4.85 

19.7 

-.098 

3 

16386 

5669 

8.6 

22  3  36 

43  56  35.54 

+ 

3.34 

19.2 

+  .073 

4 

13345 

5070 

6.5 

19  40  34 

10  24  55.82 

- 

2.()S 

lS.(i 

-  .048 

4 

16418 

5669 

8.1 

22  4  49 

43  39  42.72 

+ 

0.02 

18.8 

+  .001 

6 

13304 

5070 

7.8 

19  41  33 

40  15  2.70 

- 

l.K: 

lit. 7 

-.025 

5 

16432 

5737 

7.9 

22  5  32 

42  7  18.59 

+ 

0.39 

19.9 

+  .0U 

3 

13(505 

5070 

8.5 

19  53  46 

40  15  33.76 

- 

2.44 

19.7 

-  .054 

4 

16472 

5669 

8.3 

22  7  45 

44  9  15.49 

— 

3.51 

19.7 

-.076 

4 

13G84 

5203 

8.1 

19  57  49 

45  7  42.74 

+ 

1.44 

19.2 

+  .032 

5 

165.57 

5737 

8.0 

22  12  26 

42  9  24.46 

+ 

3.86 

18.1 

+  .093 

4 

13715 

5070 

7.6 

19  59  38 

40  18  12.78 

- 

1.22 

19.7 

-  .025 

5 

16(521 

5834 

8.7 

22  15  43 

49  20  .34.89 

+ 

0..59 

17.7 

+  .01;- 

3 

13807 

5203 

7.8 

20  4  9 

45  10  46.57 

- 

1 .33 

19.2 

-.034 

.5 

16691 

5737 

8.7 

22  19  23 

42  12  52.67 

+ 

2.27 

19.3 

+  .051 

4 

13857 

5203 

8.4 

20  6  26 

45  6  17.34 

+ 

1.24 

19.1 

+  .028 

4 

16716 

5737 

8.4 

22  20  55 

42  14  18.41 

- 

0.99 

18.3 

-  .022 

7 

13879 

5205 

6.9 

20  7  22 

39  57  24.39 

+ 

0.19 

18.7 

+  .005 

4 

16903 

5876 

8.0 

22  30  13 

44  5  56.86 

+ 

0.66 

17.9 

+  .013 

3 

13883 

5203 

8.4 

20  7  27 

45  20  35.76 

- 

1.94 

19.7 

-.044 

4 

16903 

5903 

8.0 

22  30  13 

44  5  57.99 

+ 

1.79 

17.9 

+  .040 

3 

13931 

5205 

7.8 

20  10  0 

59  56  58.32 

- 

0.38 

18.1 

-.013 

4 

16935 

5876 

8.5 

22.35  9 

43  52  46.91 

— 

0..59 

19.2 

-.014 

4 

13939 

5203 

8.3 

20  10  27 

45  14  24.16 

- 

0.04 

19.7 

-.001 

4 

16953 

5903 

7.0 

22  33  8 

44  1  10.49 

+ 

1.79 

17.9 

+  .050 

3 

14083 

5203 

8.1 

20  16  22 

45  10  46.85 

+ 

2.55 

19.3 

.056 

5 

17010 

.5876 

8.2 

22  36  7 

43  47  38.44 

+ 

8.04 

18.4 

+  .205 

5 

14155 

5203 

8.6 

20  19  4 

45  14  15.28 

+ 

0.88 

19.2 

.019 

4 

17011 

.5834 

8.0 

22  36  7 

49  26  23.62 

+ 

0.72 

17.9 

+  .018 

(5 

14201 

5205 

6.7 

20  21  34 

39  59  34.25 

+ 

0.05 

18.7 

.001 

4 

17014 

5834 

8.6 

22  36  12 

49  34  1.56 

+ 

1..36 

19.7 

+  .032 

4 

14209 

5203 

8.7 

20  22  2 

45  0  16.72 

+ 

0.32 

19.2 

.008 

5 

17033 

5834 

8.0 

22  37  27 

49  29  15.39 

— 

1.31 

19.8 

-.032 

4 

14237 

5203 

8.3 

20  23  2 

45  16  18.78 

- 

0.52 

19.7 

-.011 

5 

17047 

5876 

7.3 

22  38  10 

43  .52  31.59 

— 

0.01 

17.8 

.000 

6 

14274 

5203 

7.3 

20  24  41 

45  18  10.58 

+ 

0.58 

19.7 

.013 

4 

17065 

5834 

8.5 

22  39  4 

49  24  24.56 

+ 

0.86 

18.8 

+  .027 

4 

14306 

5203 

8.2 

20  25  56 

45  1  43.18 

+ 

1.38 

19.2 

.030 

5 

17095 

5834 

8.4 

22  40  .58 

49  33  7.53 

+ 

0.83 

19.8 

+  .019 

4 

14326 

5205 

7.1 

20  26  31 

40  0  19.78 

+ 

0.18 

17.6 

.004 

2 

17152 

5834 

8.1 

22  44  33 

49  21  15.22 

+ 

2.92 

18.2 

+  .074 

4 

14443 

5325 

7.5 

20  31  46 

49  59  29.85 

+ 

0.85 

19.2 

.020 

4 

1 7283 

5958 

S.6 

22  51  .59 

48  35  25..34 

+ 

1.24 

19.7 

+  .029 

3 

14565 

5389 

8.2 

20  38  4 

46  44  2.20 

- 

4.50 

18.6 

-.114 

4 

17321 

5876 

8.0 

22  .54  1 

43  57  39.69 

- 

1.51 

17.4 

-.037 

6 

14571 

5389 

8.5 

20  38  23 

16  57  3.37 

- 

2.73 

19.7 

-.087 

4 

17387 

5993 

7.8 

22  57  30 

48  9  27.62 

— 

0.88 

17.0 

-.02(, 

4 

14712 

5325 

7.8 

20  44  40 

50  1  41.44 

+ 

0.84 

19.3 

.021 

5 

17411 

5958 

8.3 

22  59  4 

48  39  19.51 

+ 

0.81 

19.7 

+  .019 

5 

14815 

5325 

8.5 

20  49  30 

30  0  13.15 

- 

2.15 

19.2 

-.054 

4 

17419 

5993 

S.O 

22  59  28 

48  22  37.02 

- 

2.28 

17.9 

-  .055 

5 

15077 

5474 

8.6 

21  2  11 

43' 16  47.64 

- 

0.06 

19.7 

-.001 

4 

17450 

5958 

S.4 

23  1  19 

48  35  49.00 

+ 

0.40 

19.7 

+  .010 

.3 

15099 

5389 

7.9 

21  3  3 

46  46  27.24 

+ 

0.54 

19.7 

.012 

4 

1 7538 

5958 

7.7 

23  6  18 

48  32  4..34 

— 

0.06 

19.8 

-.001 

3 

15101 

5389 

8.7 

21  3  17 

46  48  12.71 

+ 

0.21 

18.9 

.004 

5 

17539 

59.58 

S.l 

23  6  25 

48  33  40.06 

— 

0.74 

19.7 

-.017 

4 

15107 

5474 

8.2 

21  3  41 

43  14  29.4  1 

+ 

1.61 

18.6 

.035 

2 

17630 

5958 

8.5 

23  1 1  58 

48  33  23.03 

+ 

0.73 

19.7 

+  .018 

4 

15113 

5474 

7.9 

21  4  5 

43  19  22.32 

- 

0.48 

19.0 

-.010 

3 

17654 

5993 

9.0 

23  13  15 

48  13  37.65 

+ 

1..55 

19.2 

+  .037 

3 

15115 

5389 

7.9 

21  4  9 

46  45  4.87 

- 

0.23 

19.7 

-.006 

5 

17660 

5958 

8.6 

23  13  23 

48  32  59.04 

- 

1.26 

19.7 

-.035 

4 
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NOTES 
A.  C.  =  Ci.                            A.  G 

=  Ci. 

A.G. 
Bonn 

Boss 

R.A.  187.5 

Dec.  1875 

Diff. 

+ 

as 

m' 

n 

h     m     s 

o             /             ,/ 

,, 

17()91 

59.58 

7.9 

23  15  39 

48  32  21.99 

— 

0.91 

19.7 

-.023 

4 

17(>99 

5993 

7.6 

23  16  12 

48    6  35.89 

+ 

1.29 

16.8 

+  .039 

3 

3615         584 

12067 

2431 

17804 

6075 

7.7 

23  21  45 

49  40  11.22 

— 

0.28 

19.3 

-.008 

3 

4219         670 

13117 

2553 

17811 

5993 

8.8 

23  22  14 

48  21  41.21 

_ 

0.49 

18.9 

-.011 

2 

6668       1 000 

17010 

2954 

17848 

5993 

6.5 

23  24  10 

48  26  39.21 

+ 

0.41 

17.1 

+  .010 

4 

6916       1071 

17152 

2982 

1790.i 

6075 

7.8 

23  27    4 

49  39  52.28 

+ 

1.98 

19.4 

+  .047 

4 

7283        1157 

17981 

3099 

17935 

6075 

7.1 

23  29  19 

49  37  15.12 

+ 

0.22 

19.4 

+  .005 

4 

11308       2349 

7373 

nouhlo  i;i394 

179.58 

6101 

7.8 

23  20  51 

45  29  56.05 

- 

0.55 

16.9 

-.016 

5 

17981 

6101 

6.5 

23  31  49 

45  30  28.02 

- 

0.38 

16.9 

-.011 

4 

18044 

6101 

7.0 

23  34  59 

45  31  34.00 

- 

1.60 

16.8 

-.047 

5 

Flower  Observa'.ory ,  Unii'ersily 

i/"  Ptnnsylrimm, 

Upper  Darby. 

Pn 

18163  G075 

8.3 

23  41  52 

49  36  30.04 

+ 

0.14 

19.9 

+  .003 

4 

August  S,  19^3. 

OBSERVATIONS   OF  THE  SATELLITES   OF  MARS,   1911-22, 

WITH    THE   26-INCH    REFR.\CTOU   OF   THE   V.    S.    NAVAL   OBSERVATORY, 

By  AfiAPH   HALL   and   H.  E.  BURTON. 
[Communicatetl  by  Captain  W.  D.  MacDougall,  U.  S.  Navy,  Superintendent  of  U.  S.  Naval  Observatory. 


G.  M.  T. 


Aa 


G.  M.  T. 


,  ,   ^     o  •   Power  and 
\d       Comp.  Seeing   j,j^j^ 


Obs. 


Remarks 


1911 

Nov. 


25 


18 

27  42 

18 

33  46 

15 

8  38 

15 

12  25 

18  24  50 

18 

55  53 

15 

35     1 

16 

15  12 

16 

51  41 

17 

14  33 

17  32  35 

18 

6  42 

15 

33  38 

16 

6    9 

14 

7  41 

15 

51  13 

15 

57  5() 

14  19  55 

14 

.53  17 

15 

8  20 

16  45    2  1 

- 

24.48 

- 

24.15 

+ 

25. Ot) 

+ 

25.20 

23.46 

- 

25.63 

- 

25.31 

- 

23.62 

+ 

21.65 

+ 

24.51 

+ 

25.18 

+ 

21.63 

+ 

18.21 

H- 

24.03 

+ 

19.05 

— 

24.14 

- 

24.61 

_ 

23.71 

- 

21.76 

- 

19.27 

+ 

19.75 

18  13  8 
18  50  1 
14  27  23 

14  .59  8 

15  20  15 

1 5  25  1 
18  39  7 
18  44  9 

15  48  38 

16  0  22 


17  1  5 
17  5  5 
17  48  34 
17  53  55 
15  45  48 

15  51  30 

13  50  01 
17  17  59 

15  26  17 

16  9.52 

14  33  26 

14  40  29 

15  27  32 

16  55  33 


I'hohi 


M(tr> 


-1.10 

4,4 

f 

-1.60 

4,  4 

1 

+  2.18 

0,4 

l-p 

+  0.18 

4,4 

g 

+  1.39 

4,4 

S 

+  1.21 

0,4 

1' 

+  0.26 

4,  4 

1 

+  0.38 

4,  4 

f 

-0.07 

4,4 

f 

-1.07 

4,  4 

f 

-1.33 

4,4 

f-R- 

-1.20 

4,4 

f-g 

+  1.22 

4,  4 

f-g 

+  1.23 

4,  4 

f-g 

-2.04 

4,  4 

g 

-1.57 

4,4 

g 

+  2.00 

4,4 

f 

-0.93 

0,4 

g 

+  1.95 

4,  4 

f 

-0.61 

4,4 

f 

-1.30 

4,  4 

g 

-1.66 

4,  4 

g 

-4.21 

4,3 

I'-g 

+4.28 

4,  4 

g 

3()0r 

Blk 

HI 

360r 

Blk 

HI 

388s 

Blk 

Bn 

388s 

Blk 

HI 

388s 

Blk 

HI 

38Ss 

Blk 

HI 

388s 

Blk 

HI 

388s 

Blk 

HI 

388s 

Blk 

HI 

388s, 

Blk 

HI 

388s 

Blk 

HI 

388s, 

Blk 

HI 

388s, 

Blk 

Hi 

388s, 

Blk 

HI 

388s, 

Blk 

HI 

388.S, 

Blk 

HI 

388s, 

Blk 

Hi 

388s, 

Blk 

HI 

388s, 

Blk 

HI 

38Ss, 

Blk 

HI 

388s, 

Blk 

HI 

388s, 

Blk 

HI 

38Ss, 

Blk 

HI 

388s, 

Blk 

HI 

\vv\  faint. 

Very  faint.     T(j()  faint  ti>  finii- 


Bocaine  too  faint. 
Not  difficult. 


Hazo. 

Haze. 

Too  ]5()or  to  finish. 
Stopped  liy  lia/.c. 


Aloonlifi,lit.      Hazo. 
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Date 


G.  M.  T. 


Au  G.  M.  T. 


A(/ 

Comp. 

Seeing 

Power  and 
Ilium. 


Ob.s. 


Remarks 


1011 


Dec. 

7 

10 

10 

1013 

Doc. 

20 

20 

20 

20 

27 

27 

27 

29 

29 

29 

29 

20 

1014 

.laii. 

') 

() 

6 
If) 

1022 

Mav 

20 

.20 

30 

30 

.lun. 

3 

12 

Jul. 

6 

1011 
Nov. 


17  11  30 

+  14.07 

17  18  45 

_ 

20.95 

15    0  55 

- 

21.62 

17  27  50 

+ 

20.12 

17  53  25 

+ 

10.03 

18    3  10 

+ 

19.13 

14  22  14 

20.38 

14  40  30 

_ 

17.24 

18  10  30 

+ 

20.00 

16    3  13 

+ 

20.55 

16  26  34 

+ 

18.26 

16  42  23 

+ 

15.77 

10  54    0 

_ 

20.83 

20  20  41 

- 

18.19 

16    1    0 

+ 

+ 

20.74 

15  26  43 

10.80 

17  14  52 

10.65 

cos  5Aa    1 

10  31  30 

+ 

23.06 

20  16  48 

+ 

18.86 

17  40  25 

+ 

10.06 

P        1 

o 

18  15  44 

300.24 

17  56  56 

120.04 

16  39  33 

301.99 

16  41  18 

119.75 

14  23    0 

304.61 

17  14  11 
15  25  11 
15  37  15 
10  10  30 
10  51  18 

14  37  16 


Aa 


+  01.06 

-  62.69 

-  63.29 

-  48.02 

-  53.44 

-  47.66 


17  30  11 


17  36  33 

17  46  37 

18  12  34 
18  20  31 
14  30  46 

14  38  11 
18  31  35 
16  0  54 
16  16  39 
16  51  31 

20  0  20 
20  12  7 

16  6  43 

16  26  55 

15  32  27 
15  30  36 

17  24  36 


19  48  18 
10  56  49 
18  7  56 
18  23  24 


18  19  42 
18  24  0 

16  41  57 

17  1041 
14  52  56 


I'hnlxis  —  Murs    (CinliiiKcd) 

To 


+   4.67 

2,  4 

S 

-    3.41 

4,2 

g 

4,  0 

f-g 

4-   0.12 

4,4 

g 

-   0.22 

4,4 

g 

-    1.68 

4,4 

g 

-    1.59 

0,4 

g 

+  0.80 

4,4 

f-g 

+    1.14 

4,4 

f-g 

-    1.10 

4,4 

g 

-    0.70 

4,4 

g 

-    1.00 

4,4 

g 

-    1.77 

4,4 

g 

+   0.49 

4,4 

g 

+  0.70 

4,4 

g 

+  0.13 

4,4 

P 

-    1.09 

0,4 

P 

-   0.04 

4,4 

f-g 

-   0.80 

0,4 

f-g 

+   0.30 

4,4 
4.  4 

f 
f 

A5 

-12.56 

-12.38 

4,4 

f 

-11.85 

4,4 

f 

-16.37 

0,4 

f 

s 

2,2 

f 

25.57 

24.23 

2,2 

f 

27.01 

4,  4 

P 

27.03 

2,3 

f 

26.86 

2,  1 

f 

388s 

1?11< 

HI 

388.S 

Blk 

HI 

388s, 

Blk 

HI 

360r, 

Blk 

Bn 

360r, 

Blk 

Bn 

360r, 

Blk 

Bn 

360r, 

Blk 

Bn 

360r, 

Blk 

Bn 

360r, 

Blk 

Bn 

360r, 

Blk 

Bn 

360r, 

Blk 

Bn 

360r, 

Blk 

Bn 

360r, 

Blk 

Bn 

360r, 

Blk 

Bn 

360r, 

Blk 

Bn 

360r, 

Blk 

Bn 

360r, 

Blk 

Bn 

360r, 

Blk 

Bn 

360r, 

Blk 

Bn 

36()r, 

Blk 

Bn 

360r, 

Blk 

HI 

360r, 

Blk 

HI 

360r, 

Blk 

HI 

360r, 

Blk 

HI 

360r, 

Blk 

HI 

360r, 

Blk 

HI 

360r, 

Blk 

HI 

360r, 

Blk 

HI 

360r 

Blk 

HI 

Deimos  —  Mars 


Ad 

3,4 

f 

16  48  58 

-0.11 

15    3    2 

-0.42 

4,4 

p-f 

15  5851 

-0.53 

4,4 

|)-f 

19  29    7 

+  3.86 

4,4 

f 

10  35  40 

+  3.78 

5,  5 

f 

14  18    3 

-4.76 

4,4 

f 

388s, 

Blk 

HI 

388s, 

Blk 

HI 

388s, 

Blk 

HI 

388s, 

Blk 

HI 

3S8s, 

Blk 

HI 

360r, 

Blk 

HI 

•lose  to  planri   to  finish 


Satcllili"  wiMil  out. 
Faint. 


Close  to  planet.      Fog. 


Hazr 


Too  close  to  planet  to  fiaisli. 


Too  [)oor  to  finish 

Stopped  li.\'  iiaze. 
\'er\'  faint . 


Clouds 


Haze. 


Satellite  went  out. 

Satellite  went  out.  Haze,  f'louds. 

Faint.  Foggy.  SttJi^jjed  by  clouds. 

Very  faint.     Haze.     M(M)i>liglit. 

[Too  close  to  ]ilanet  to  finish. 


Very  faint. 

Very  faint.      Ohjectglass  fogged 

Red  wires  in  Aa.  |  Red  w  iresiuAa. 

Very  faint. 

I'liially  went  out. 

Very  faint.     Rough  ob.servation. 
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Date    G.  M.  T.     Ao     G.  M.  T.    A,/   Comp.  Seeing  ^"^i^J",,;^"'' 


Reinarkh! 


1911 
Nov. 


])Vi 


1913 
Dec. 


1914 
Jiiii. 


1910 


1922 

¥ia\  22 
29 
29 


Juii.  3 
15 
25 
29 


14  .52  15 

19  13  9 

20  0  47 
14  5  50 

14  46  34 
14  8  56 
13  28  50 

13  38  27 

17  27  44 

18  1  57 

18  56  48 

14  39  50 

15  23  12 

19  13  59 

19  44  24 
17  16  32 
17  41  4 

20  II  I  1 
20  44  6 
17  19.58 

17  43  20 

18  18  50 
14  44  45 

16  45  28 


17  34  0 
17-  3  19 
17  52  38 


17  13  36 
15  27  59 
15  57  10 
15  28  30 


-  46.24 

-  38.15 

-  45.81 
+  62.31 

-f  62.96 

+  36.37 

+  55.23 

+  54.33 

+  58.04 

+  58.63 

-  48.11 

-  43.01 

-  27.37 

-  36.84 

-  41.42 
+  41.80 
+  38.68 

+  49.79 

+  51.50 

-  49.03 
+  48.80 
+  46.98 

-  46.71 

+  46.39 


c  G.s6  Aa 


-  56.28 
+  57.16 
+  53.00 


P 


118.23 
298.97 
290.13 
304.80 


Dciinus 


15  9  17 
19  31  41 
19  47  2 
14  24  44 

14  32    8 

13  5  4 
13  56  41 
17  40  27 


17  49 

19  24 


19  21  50 

19  29  16 
17  27  14 
17  34  22 

20  22  16 
20  31  56 
17  28    4 

17  49  27 

18  4  12 


17    5  35 


18  20  4 
17  20  4 
17  35    2 


17  12  33 

15  29  48 

16  56  39 
15  57  19 


Marx   (Vonlinuc(l) 


-5.44 

4,4 

f 

+  5.49 

4,4 

f-s 

+  5.13 

4,4 

f-s 

-0.58 

4,  4 

K 

-0.40 

4,  4 

S 

4,0 

P  f 

+  3.05 

4,4 

g 

+4.51 

4,4 

g 

-0.08 

4,4 

g 

+  0.16 

4,4 

g 

+  3.96 

•4,2 

f 

4,0 

f-g 

4,  0 

g 

-3.42 

4,4 

f-g 

-3.80 

4,4 

f-g 

-6.19 

4,  4 

f-g 

-6.31 

4,4 

f-g 

+  0.56 

4,  4 

f 

+  0.62 

4,  1 

f 

-0.25 

4,4 

g 

-2.30 

4,  4 

P 

-4.22 

4.  t 

P 

4,0 

f 

+  0.22 

2,2 
4,4 

f 
f 

A5 

+  27.60 

-31.7f, 

4,  4 

f 

-33.30 

•4,  4 

f 

67.63 

4,  4 

f 

70.27 

4,4 

f 

67.31 

2,  1 

f 

63.12 

2,  1 

f 

360r,Rlk 

HI 

360r,Blk 

HI 

360r,Blk 

HI 

388s,  Red 

Hi 

388s,  Red 

Hi 

388s,Blk 

HI 

388s,  Red 

HI 

388s,  Red 

HI 

388s,  Red 

HI 

388s,  Red 

Hi 

388s,  Hcd 

Hi 

388s,  Red 

HI 

360r,Blk 

Bu 

360:-, Blk 

Bii 

360:-,  Blk 

Bn 

360r,Red 

Bn^ 

360.-,  Red 

Bni 

36()r,Blk 

Bn,* 

3()0r,Blk 

Bn^ 

36()r,Blk 

Bn 

360.-,  Red 

Bn 

360  ,Red 

Bn 

360  ,Blk 

Bn 

360r,Re(l 

III 

360r, 

HI 

360r,Red 

HI 

300r,Red 

Hi 

360r,Red 

HI 

360r,Red 

HI 

360r,Red 

HI 

360r,Red 

HI 

Ve'ry  faiiit.  Rough  observation. 
Very  faint.  Rough  observation. 
Verv  fainl.      Rongli  ()l)sei-vation. 


Too  faint  to  finish. 

Ver.y  faint.     Bright  mooiiiislit. 

Haze. 

Verv  faint. 


^'<•^\•  Taint. 


\'er\-  faiiil.      Unsatisfactorx'. 


Very  faint.      I'eriiajjs  ha/.e.      Pos- 
[sibly  not  Deiiiuis  in  Ar.', 

Verv  fMint.      ()l)jertfiiass  sl'ghtlv 
[foW'.d. 
Faint.      Mucnlighl.      Haze. 
^■ery  fainl.    Mooiilifiiht.    \Vind.  . 

Clouds,      \\indy. 

\'er\-  faint. 


I'^aint. 


Very  faint.      Haze. 
Too  faint  to  finisli, 


Too  fainl  l( 
[finish. 


Power  and  Ilium.:  r  =  red  glass  over  planet,  s  =  smoked  cover  glass  over  planet.  Red  =  reil  wires, 
Blk  =  black  wires. 

Tlie  measures  are  eorreet(Ml  for  refraction,  error  in  setting,  second  differences  of  motion,  and  phase. 

The  settings  for  Aa  and  Arl  are  90°  and  0°  from  the  position  angle  of  the  rotation  axis  as  given  in  tlie  liritish 
Xaulicnl  Almanac. 

U.  S.  Nmvt  Obsn-ratori/,    \\'(t.-'htn(j/i„i,   I).  ('., 
lUJo,  June  J(i. 
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OBSERVATIONS   OF  SATELLITES   OF    URANUS,   1922, 

WITH    THE   2()-lNCH    liEFHAfTOH    OF   THE    U.    S.    NAVAL   OBSEnVATOUY, 

•By   ASAPH    HALL   and   ERNEST  CLARE   BOWER. 
|CiiniiniHiu-;ito(l  by  CAPTAIN  W.    D.    MacDougall,  U.  S.  Navy,  Supcrintondcnt  of  U.  S.  Naval  ObscTviitory. 


Date 

G.  M.  T. 

i> 

C.  M.T. 

« 

Coiiip. 

Seeing 

Power 

Obs. 

l{em;lI•k^^ 

Titania  —  Uranus 

1922  Aug. 

21 

16  23  22 

337.77 

16  19  49 

16.45 

4,  4 

s 

495 

HI 

Fiiint. 

Haze. 

22 

17  39  35 

343.77 

1 7  43    7 

30.20 

4,  4 

f 

495 

Hi 

Haze. 

Sept. 

14 

16  21  26 

16!). 44 

16  18  20 

26.56 

4,  4 

p 

495 

R 

Faint. 

22 

15  41  18 

165.61 

15  34  12 

31.53 

4.  1 

p 

495 

B 

Faint. 

2(5 

14  24    U 

343.92 

14  25  31 

30.43 

4.  5 

r 

195 

n 

Ohcroii 

—  ('ran  us 

1922  Aug. 

l.j 

16  37    6 

164.65 

16  35    9 

11.81 

4,  4 

f  R- 

495 

111 

i':iiiil. 

lla/r. 

Fog. 

21 

17  21  19 

342.99 

17  21  23 

38.47 

4,  4 

S 

495 

HI 

Haze. 

22 

19    4    6 

345.05 

19    6  38 

41.86 

4,4 

f 

495 

HI 

Haze. 

28 

16  23  5() 

163.71 

16  30  25 

39.86 

4,  4 

f 

495 

R 

Sept. 

25 

14  34  11 

165.84 

14  39    0 

42.00 

4.  4 

f 

495 

R 

I'aint. 

26 

15  32  17 

169:34 

15  34     1 

34.61 

4,4 

f 

495 

B 

Faint. 

U.  S.  Nai'al  Ohservalory,  Washington,  D.  C, 
19$S,  July  24 


SATELLITE   VIII    OF  JUPITER, 

Bv    CF.O.    \AX    BIESBROKCK. 


Dui'ing  the  spring  of  1923  (inl.v  two  uiglits  inoNcd 
suffieiently  good  for  getting  exposures  on  this  faint 
satellite  with  the  24-inch  reflector.  In  each  case  tiie 
guiding  was  done  so  that  tiie  plat(>  would  follow  the 
notion  of  the  satellite.  4"\\o  exposures  were  always 
obtained  in  immediate  succession  in  order  to  locate  the 
object  without  difficulty  in  the  blink-comparator. 
Only  the  better  plate  of  eacli  pair  was  nicasurecl.  4'he 
satellite  was  referred  differentially  to  a  faint  neighbor- 
ing star  on  the  plate.  The  positions  of  the  two  faint 
stars  were  obtained  visually,  with  the  4()-iiich  refractor, 
by  connecting  them  respectively  t  i  .\.  (1.  Wash.  5111 
and  5398.  On  May  9,  with  a  60  nun.  exposure,  the 
image  was  faint  but  distinct.  On  June  16,  shortly 
after  resilveiing  the  n, irror,  a  75  niin.  exposure  gave  a 


strong  image;    according  to  S.  R.  Nicholson 
P.,   \\)\.   35,   p.   217)   the  brightness  .ui   (hat 
only   17'". 8,  after  correcting  for  ai)sorption. 
The  results  of  the  measures  ,'ire  as  follows: 


date 


1.  N. 
was 


1923  (i.  .M.  'i' 


(1923.0) 


.Mav     9 

73743 

14M2"'34\24 

-•15°25' 

yl".6 

June    16 
I    hope    1 

6914() 
o  l.i-  abh 

14  28   48  .31 
to   pl.oloiiraph   th 

-  14  33 

■  object 

0    .9 
■\en 

■  coiiunL 

unl'a\or 

dile  opjiositions. 

Yerkes  Observatory, 
August  26,  1923. 


CONTENTS. 
Declinations  of  .336  Star.s,  bv  Samuel  G.   Bauton. 

Observation.s  op  the  Satellites  of  Mars,  1911-22,  by  .\saph   Hall  and  II.   V\.   Burton. 
Observ.\tions  of  Satellites  of  Uranus,  1922,  by  Asaph  Hall  and  Iminiost  Clare  Bower.' 
Satellite  VIII  of  Jupiter,  by  Geo.  Van  Biesbrobck. 

Editor,  Benjamin  Boss.  Albany.  N.  Y.;  Associate  Editors:  Ernest  W.  Brown,  F.  R  Moulton  and  R.  S.  Woodward.  Published  by  the 
Dudley  Observatory.  Albany,  N.  Y.,  U.  S.  A.,  to  which  all  Communications  Should  Be  Addressed.  Price  $5.00  the  Volume.  Press  of  Thos.  P. 
Nichols  &  Son  Co..  Lynn,  Mass.     Closed,  Septtmber  21,  1923. 
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ALBANY,  N.Y.,  NOVEMBER  33,  1023, 


NO.  15 


OBSERVATIONS  DE  PLANETES  ET  DE  COMETES, 

FAITES    A    l'oBSERVATOIRE    DE    BESANyON,    EQUATORIAL  COUDE   DE   0"'.3.3   d'oUVerture, 

Pak  m.  p.  chofardet. 


Dates 


T.  m. 

Bfsan^on 


J  A.R. 


J  D.P. 


Cp. 


A.R.  app. 


log  f.p. 


D.P.  app. 


log  f.p. 


R6d.  au  j. 


1922 
Mar.s   16 
17 
18 


Nov. 


iOct. 


Aout 


9  42  10  -2  15.90 
10  12  51  -2  15.41 
10    1  56     -2  13.32 


8  34  22     -2  22.70  |  -    1  45.0 
8    5    2+2  59.09     -   9  31.6 


4  20.8 

9, 

12 

5  16.9 

9, 

12 

6    6.4 

9, 

12 

luil.     20 
26 

28 


11    2    2     +0  39.42 


10  58  58 
10  51  24 


10    3  45 

10  29  36 

11  538 


- 1  40.80 
+  1  28.18 


-1  56.75 
-2  41.42 
- 1  23.09 


21 

10  35  34 

20 

9  47  18 

21 

9  5141 

26 

10    7  43 

28 

10  16    8 

16 

9  49    3 

- 1  39.37 

+  144.72 

+  1    9.40 

-131.45 

-2  28.54 

-1  38.07 

(11)  PartMno-pe 

2  40.75 
2  41.22 
2  43.30 

(33)  Polyhymnie 

6,     8  1    2  15  24.85  I  9.333n 
9,  12  I    2  14  43.52  |  9.403n 


+    1    5.2 

6, 

6 

-   0  15.8 

9, 

6 

+  15  26.7 

9, 

6 

Aout    21  I  10  40  56  I  -0  55.37  1-8    5.7  I  9,     6 
24    10  26  12  I  +3  28.63     -   6  22.7    9,  12 


J  VI  in 
.luil. 


7  57.6 

9, 

9 

0  17.8 

9, 

12 

7  36.0 

9, 

6 

(39)  Laetitia 

19  34  8.95 
19  29  11.88 
19  27  36.83 

(41)  Daphne 

0  49  54.04 
0  49  9..38 
0  47  41.72 


8.857W 
8.423W 
8.531?! 


9.134n 
8.929n 

i.mn 


(44)  Nysa 

21  14  24.37  I  8.813?i 
21  11  45.51    8.817n 


+  6  13.8 

6, 

3 

-  5    2.4 

9, 

8 

-   3  28.9 

9, 

6 

+  5    0.5 

9, 

6 

+  8  42.3 

9, 

12 

-   0    3.7 

9, 

6 

(48)  Doris 

18  20  55.48 
17  59  33.57 
17  58  58.25 
17  56  17.38 
17  55  20.28 
17  50  19.25 


9.273n 

8.573« 

8.322n 

8.679 

8.897 

9.230 


9.137 

68  20    3.1 

0.59  In 

+  1.63 

+  12.1 

1 

9.296 

68  19    7.0 

0.605?i 

+  1.61 

+  12.1 

1 

9.269 

68  18  17.4 

0.602n 

+  1.60 

+  12.0 

1 

74  19  38.7  I  0.684W  +4.15 
74  22  41.5  0.692ri  |  +4.13 


100  9  50.2 
100  43  21.6 
100  55  6.4 


91  4  44.4 
91  12  24.3 
91  26  6.1 


106  57  56.3 

107  13  12.8 


104  0  10.8 
104  24  29.7 
104  26  3.1 
104  34  32.4 

104  38  14.2 

105  18  31.7 


0.899n  I  +3.42 
0.900TI  I  +3.43 


-21.9 
-21.7 


15.0 

■15.5 


0.869n 

+3.25 

-17.1 

0.873n 

+3.30 

-17.3 

0.874n 

+  3.30 

-17.2 

0.818n 

+3.55 

-20.4 

0.819n 

+  3..56 

-20.3 

0.812?) 

+  3.55 

-20.4 

0.879?i 

+3.08 

-   8.0 

0.S90?! 

+  3.26 

-10.9 

0.890n 

+  3.26 

-11.0 

0.890?! 

+  3.24 

-11.1 

0.889?i 

+3.23 

-11.1 

0.885?i 

+  3.07 

-10.9 

11 

12 
12 
12 
12 
23 
(117) 


118 


TTIE     ASTK  ON  (>  AI  1  r  AL    JOURNAL 


N°-  831 


Dates 


T.  in.       I      j_.v{i         I      J  D.P.       I     Cp.     I      .\.K.  app. 
Besan^on  ]  I 


log  f.p. 


D.P.  app. 


log  f.p. 


R6d.  au  j. 


1022 
Vout    18  I  10  52    9 
19      9  57  55 


Oct. 


Nov. 


10  37  55 

10  56  40 

1 1  34  55 
8  5  6 
7  58  31 
7  37  56 


\nut     IS  I  11   19  15 
19       9  39  4  1 


Oct.     16    10    6  48 
17      9  4132 


Juin 

20 

21 

Aout 

16 

11  15  39 

11  40  24 

9  15  16 


+  0  55.39 
+  0    7.54 


+  1  13.24 
-0  55.78 
-2  8.57 
+  241.91 
+  2  0.17 
+  1  39.62 


+  0  41.85 
-  1    2.06 


-0  29.10 
-145.10 


-2  35.02 
+  1  51.48 
-2    6.41 


2    2.7 
4  54.1 


+  11  54.1 
-10  58.7 

-  1  11.7 

-  3  11.4 

-  3  17.7 
+   1  12.9 


+  0    6.8 
+  0  27.7 


+  9    2.7 
+  7  5l9 


10  12 

57 

10 

8  19 

10 

2 

9| 

Mai  22 
23 
24 


Mars    16     10  12    4 
17     11  11  45 


Mars   17  I    9  15  52 
18       9  18  16 


+  2  46.00 
+  3  12.79 
+  3  40.51 


+ 1  23.70 
-3    4.33 


+  0  30.72 
+  0  51.65 


9, 

6 

9, 

6 

9, 

12 

9, 

12 

9, 

12 

9, 

12 

Mai     23  I  11  22  29     -2  12.58     -    1  45.7    6, 


10  29.0 
8    3.4 


-  7  50.4 

-  4  12.3 


+   4    5.0 
+  7  41.8 


(49)  Pahs 

h      m     s 

21  23    9.63  I 
21  22  21.78  I 

(67)  Asia 

1  34  28.41 
1  33  34.04 
1  31  45.41 
1  11  54.34 
1  11  7.94 
1  10  47.39 

(74)  Galatee 


8.904r! 
9.218?i 


9.192r! 
9.064H 
8.503« 
9.225n 
9.216n 
9.363r) 


9,     6    20  34  23.31     8.741  w 
9,     6  I  20  33  42.74  |  9.056?( 

(90)  Antiope 

9,     6  I    0  16  24.58  I  8.734?( 
9,  12  I    0  15  48.61  I  8.955n 

(100)  Hecate 


+   9    8.0 

9, 

12 

+  11    3.3 

9, 

() 

-   8  30.9 

9, 

6 

11 

5  26.38 

9.467 

11 

5  53.16 

9.464 

11 

6  20.87 

9.460 

(118)  Peitho 
8  I  15    5  36.55  |  8.567 
(122)  Gerda 


(124)  Akeste 

6  I  12    5  54.50  I  9.359n 
12  I  12    o    3.82  I  9.10S?( 

(130)  Electro 

6  1    7  25  29.48  19.192 
6      7  25  42.69    9.219 


102  27  18.6 
102  30  10.0 


80  9  44.5 
80  18  36.9 
80  36  29.2 
84  3  55.1 
84  13  42.3 
84  18  12.9 


0.880tt 
0.876/;. 


+  3.37 
+  3.37 


■22.4 
■22.4 


0.737n 

+  3.77 

-17.8 

0.73271 

+  3.77 

-17.8 

0.732n 

+  3.78 

-17.9 

0.768« 

+  3.69 

-19.2 

0.769n 

+  3.68 

-19.1 

0.77  In 

+  3.68 

-19.1 

91  26  52.9  I  0.820n  I  +3.51 
91  29  58.5    0.818n|  +3.51 


17  25  19.24 

8.468H 

17  24  28.86 

8.380 

17    7    2.92 

9.282 

102  17    6.0  I  0.880n  I  +3.38  I  -20.9    20 
102  21  26.3     0.878/(     +3.38     -20.9  |  21 


106  11  15.9 

0.8977i 

+  3.15 

-   7.5 

100  12  37.9 

0.8977i 

+  3.15 

-  7.1 

108  44  31.8 

0.895n 

+  2.96 

-  6.6 

-21.9    22 
-21.8    23 


108  47    3.3    O.OOOn     +2.90     +4.1     27 


83  58  36.1 

0.777/) 

+  1.49     +12.2 

84    1     1.6 

0.778// 

+  1.48     +12.1 
+  1.47     +12.0 

91  27  13.2  I  0.819//  I  +2.09     +13.2  I 
91  20  22.0  I  0.819//  |  +2.10  |  +13.2  |  30 


77  19  30.7  I  0.706n  I  +1.41     +14.2  I  31 
77  12  39.3    0.706«     +1.39  I  +14.1    32 
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Dates 

T.  m. 
Besan9on 

J  A.R. 

JD.P. 

Cp. 

A-.R.  app.      1   log  f.p. 

D.P.  app. 

log.  f.p. 

R6d.  au  j. 

* 

1922 

Nov.    13 

h     m     s 

6  56  56 

m     s 

-2  41.90 

-   9  28.3 

9, 

12 

(198)  Ampella 

h      m     s 

0  20  18.27    9.326??  | 

72  21  46.5 

0.661n 

+  3!  69 

-24.7 

33 

15 

6  31  10 

+  137.01 

-   0  48.8 

9, 

8 

0  20  47.52 

9.364«. 

72  38  36.9 

0.669W 

+  3.65 

-25.0 

34 

16 

6  52  58 

+  1  55.11 

+  7  30.0 

9, 

12 

0  21    5.61 

9.280n 

72  46  55.7 

0.66  In 

+  3.64 

-25.0 

34 

17 

6  29    4 

+  152.08 

+  0  53.3 

9, 

12 

0  21  25.74 

9.348n 

72  54  49.7 

0.670n 

+  3.63 

-24.9 

35 

(203)  Pomveia 

Mars   17     10  42    4     +0  32.19     -   5  48.6    9, 

6      9  58  29.32    8.602 

76  37  48.4 

0.690n     +1.91     +15.0    36 

18     10  49    7     -0    4.61     -   7  46.4    9, 

6      9  57  52.52    8.787 

76  35  50.6 

0.691n     +1.91     +15.0    36 

(287)  Nephtys 

Deo.     21  1     7    9  32  1  -0.47.34  |  +   2  41.5  j  9, 

8j    2  25  33.22  1  9. 125n 
(336)  Lacadiera 

90  28  44.1  1  0.814n  |  +3.70  |  -    9.2  |  37 

luil.     20 

1127  29 

+  0  53.46 

-   2  26.7 

9. 

6 

19  56    3.35 

8.814H 

ICO  42  27.2 

0.873n 

+  3.24 

-18.0 

38 

26 

11  44    7 

+  3  35.05 

-   5  37.8 

6, 

8 

19  50    7.75 

8.218 

100  5150.C 

0.872 

+  3.30 

-18.0 

39 

28 

11  18  20 

+  141.27 

-    145.9 

9, 

6 

19  48  13.98 

8.048n 

100  55  41.8 

0.874n 

+  3.31 

-18.1 

39 

(377)  Campania 

Mai      19     10  41    3     +127.81     -    3  16.2    9, 

6     12    5  59.94    9.3e8 

92  30  10.5    0.824«     +1.93     +12.8    40 

22     10  44  28     -113.81     +   7  43.4    9, 

6     12    6  10.07    9.4C6 
(444)    Gyptis 

92  23  43.7    0.823n     +1.92     +12.5    41 

Alai      19 

11    9  17 

+ 1  32.92 

+  2  39.9 

9, 

6 

12  14  56.29 

9.415 

90  55  17.7 

0.816;; 

+  1.96 

+  12.0 

42 

22 

11  15    3 

+  3  40.49 

-   6  27.0 

9, 

12 

12  14  42.96 

9.452 

90  47  20.5 

0.815n 

+  1.92 

+  11.9 

43 

23 

10  45  30 

+  3  38.60 

-   8  44.7 

9, 

12 

12  14  41.06 

9.397 

90  45    2.7 

0.815??. 

+  1.91 

+  11.8 

43 

(446)  Aeternilas 

?'ov.    21  1    6  56  52  1  - 1  25.09  |  +  6  32.0  |  9, 

6|  23  26  31.55  |  8.728n 
(451)  Patientia 

101  31  44.7  1  0.877?i  |  +2.98  ]  -18.5  |  44 

Mars    16 

9    9  49 

-2  57.80 

-    5    1.9 

9, 

12 

7  56  31.23 

9.002 

56    2    3.8 

0.316« 

+  1.71 

+   8.3 

45 

17 

9  42  41 

-2  51.73 

-   3  37.7 

9, 

12 

7  56  37.28 

9.244 

56    3  27.9 

0.349?? 

+  1.69 

+   8.2 

45 

IS 

9  40  13 

-2  43.96 

-    2    7.8 

9, 

12 

7  56  45.03 

9.248 

56    4  57.7 

0.351?? 

+  1.67 

+   8.1 

45 

(478)  Vergeste 

Oct.     13 

9  27  36 

+  1  12.70 

-   6  28.1 

9, 

6 

0  32  11.64 

9.245n 

73    3  54.2 

0.661?? 

+  3.82 

-22.4 

46 

14 

9  54  21 

-0  46.22 

-11  36.7 

9, 

6 

0  31  28.92 

9.085n 

73  12  15.2 

0.654?? 

+  3.82 

-22.4 

47 

16 

10  39  14 

+  1    2.10 

+  10  35.2 

9, 

6 

0  30    4.96 

8.35Cn 

73  29  10.9 

0.652?? 

+  3.81 

-22.8 

48 

17 

10  10  55 

+  2  29.99 

+  6  31.5 

9, 

12 

0  29  25.15 

8.82en 

73  37  30.0 

0.655?x 

+  3.80 

-23.0 

49 

Nov.    13 

7  29  40 

+  3  56.11 

+    1  25.2 

9, 

12 

0  17  10.23 

9.141n 

77  19    0.4 

0.705n 

+3.55 

-24.2 

50 

15 

6  57  48 

-0  10.72 

-   6  12.1 

9, 

8 

0  16  50.48 

9.250?i 

77  33    5.3 

0.711n 

+  3.55 

-23.9 

51 

16 

7  14  25 

-0  18.89 

+  0  46.1 

8, 

8 

0  16  42.30 

9.1577! 

77  40    3.6 

0.709?? 

+  3.54 

-23.9 

51 
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Pales 


T.m. 
Bpsan^on 


J  A.R. 


JD.P. 


Cp. 


A.R.  npp.  log  f.p.    I     D.P.  app.       log  f.p.  Red.  au  j.  -^ 


1922 
Ovt.      14 
Hi 
17 


Nov.    21 


Aout 


Oct. 


Nov. 


Mai  19 
20 
22 
23 
24 
28 
29 
30 
31 

lain     27 


Dec.  8 
14 
21 

1923 

Janv.  12 


(485)  Genua 


9  21  46 
9  34  38 
9  19  17 


30    5 


+0  9.G5 
-2  34.75 
+  2  35.44 


+    1  29.1 

9,  6 

+  9  21.5 

9,12 

—   2  22.9 

9,  9 

5  7.8? 
4  19.83 
3  57.75 


8.344n 
8.164 
7.6 1 8w 


89  52  28.0    0.810n 

+  3.35 

-24.5 

90    9  17.7     0.812n 

+  3.34 

-24.6 

90  17  31.4     0.8 10« 

+  3.31 

-24.4 

(776)  Herhericia 
•0  48.15  I  -   7  26.9  |  9,  8  |     118  54.35  |  9.254?i  |l04  12  10.9  I  O.SSln  I  +3.38  I  -  13.5  ]  5/ 


(9 

25)  Alphonsiria 

16 

11  15    3 

-1     1.80 

+   1  18.9 

9,  G 

21  40  34.97 

8.915n 

88    4  11.6 

0.797n 

+  3.31 

-22.5 

17 

11  12  32 

-2    2.15 

+  0  25.3 

9,12 

21  39  34.62 

8.894n 

88    3  17.9 

0.796H 

+  3.31 

-22.6 

18 

10  22  10 

+  143.38 

+   1  23.3 

9,  6 

21  38  36.31 

9.188n 

88    2  31.2 

0.797n 

+  3.32 

-22.7 

19 

10  15  46 

+0  43.12 

+  0  45.2 

9,  6 

21  37  36.05 

9.195n 

88    1  53.0 

0.797/). 

+  3.32 

-22.8 

Comet c  1922?;  (Skjelleeup) 


9  39    7.5 

9  43  10.7 

9  39  10.1 

9  37  34.9 

9  37  48.7 

9  52    7.1 

9  50    4.0 

10  25  40.8 

11  10  38.0 

10  44  15.2 

+  0  45.20 

-2    4.21 

+  4    5.25 

-1  13.94 

-2    0.89 

+3  47.25 

+4    7.88 

-3  29.43 

-4  26.62 

-5  43.32 

4  30.7 

6,   9 

4    3.0 

9,  6 

0  55.3 

9,12 

3  32.5 

9,  6 

1  38.0 

9,  6 

3  40.2 

9,12 

2  54.2 

9,12 

1    0.6 

9,12 

6    6.8 

6,  8 

0    7.5 

9,12 

8    4  26.43 

9.626 

8    9  26.74 

9.632 

8  19  59.97 

9.637 

8  25  37.38 

9.640 

8  31  29.86 

9.644 

8  57  52.76 

9.662 

9    5  16.44 

9.665 

9  13  14.84 

9.679 

9  2141.82 

9.685 

14  49  13.21 

9.497 

Coniete  1922c  (Ba.\de) 


6  25  37 

7  25  26 
7  14  2 
7  4  10 
6  27  29 
5  51  27 
5  56  24 
5  56  40 
5  59  10 

5  44  56 

6  18  16 

7  21  29 

5  47  29 

6  33  48 

6  11  12 

7  5  57 
6  21  40 


-0  40.68 
-0  35.05 
+  0  5.60 
- 1  20.22 
-0  38.73 
+  0  57.28 
+  0  32.60 
-3  0.39 
+0  29.70 
-0  33.42 
+  0  4.53 
-1  25.46 
-0  57.15 
-0  40.19 
-0  51.02 

+  3  43.44 
-239.57 


-    1  49.7 

9,  6 

-    1    6.5 

9,  6 

+   0  58.5 

9,  3 

+  0  39.4 

9,12 

+  5  22.1 

9,   6 

-   2    2.1 

9,   6 

-   2  31.3 

9,   8 

-   2  15.5 

9,12 

-    1  55.0 

9,   8 

+   1    2.5 

9,  8 

+  0  27.3 

9,  8 

+  4  10.7 

9,  8 

+   1  49.1 

9,  8 

-   0  33.8 

9,  8 

+  3  11.7 

9,  8 

+  2  39.2 

9,10 

+  11  10.0 

3,  3 

19  57  13.02 

8.911 

19  57  18.65 

9.312 

20    6  24.81 

9.285 

20  39  57.98 

9.316 

20  42  22.24 

9.145 

20  44  37.65 

8.851 

20  49  45.42 

8.932 

20  52  14.84 

8.950 

20  54  44.91 

8.985 

21    4  44.39 

8.899 

21  12  20.19 

9.169 

21  14  57.43 

9.419 

21  47  21.71 

9.102 

22    2  16.03 

9.345 

22  19  17.15 

9.299 

23  10  39.37 

9.510 

23  21  41.20 

9.443 

68  35  17.8 
67  39  33.0 
65  43  4.1 
64  41  56.6 
63  38  48.7 
59  10  15.9 
58  0  4.0 
56  47  0.2 
55  32  55.3 
45  12  59.8 


53  35  35.8 

53  36  19.0 

54  45  10.2 

58  46  26.9 

59  2  55.9 
59  19  26.6 

59  52  57.8 

60  9  34.3 

60  26  8.2 

61  31  0.2 

62  18  48.6 
62  35  4.7 

65  42  2.1 

66  59  21.5 
68  20  2.9 

71  32  42.0 

72  4  14.2 


0.750n 

+  0.57 

+  9.9 

0.750n 

+  0.59 

+  9.5 

0.736n 

+  0.58 

+  8.8 

0.727n 

+  0.61 

+  8.4 

0.720?? 

+  0.62 

+  8.0 

0.697n 

+  0.62 

+  6.2 

0.683n 

+  0.63 

+  5.7 

0.7 13w 

+  0.66 

+  4.9 

0.754?) 

+  0.68 

+  4.3 

0.029« 

+  1.85 

-11.1 

0.223n 

+  1.84 

-32.5 

0.289n 

+  1.84 

-32.5 

0.318?? 

+  1.85 

-32.6 

0.436?) 

+  1.96 

-32.4 

0.4 13n 

+  1.96 

-32.3 

0.402n 

+  1.95 

-32.2 

0.418?! 

+  1.98 

-32.1 

0.426?? 

+  2.C2 

-32.2 

0.434?) 

+  1.99 

-32.0 

0.456?) 

+  2.04 

-31.8 

0.488?) 

+  2.06 

-31.5 

0.542?) 

+  2.08 

-31.4 

0.546?) 

+  2.20 

-30.1 

0.594?) 

+2.25 

-29.3 

0.606?) 

+2.31 

-28.2 

0.709?) 

-0.54 

-   5.0 

0.676?) 

-0.50 

-   3.8 
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Dates 

T.  m. 
Besanfon 

iA.R. 

i  DP. 

Cp. 

A.R.  app.         log  f.p. 

D.P.  app. 

log  f.p. 

R6d.  au  j. 

* 

1923 
Janv.    19 

h      m     s 

6  24  36 

m     s 

-1    8.75 

Comete  1922c  (B.4ade 

'       "                             h      m     s 

+  8  16.2    9,  8     23  26    4.27 

)  (suite) 
9.456 

72  15  44.6 

0.682n 

-o'.50 

3.3 

84 

Fevr.     6 

6  46  59 

+  2  22.18 

-    1    2.7    9,  8 

0    4    6.91 

9.545 

73  33  53.6 

0.721  n 

-0.53 

+ 

0.5 

85 

9 

G  46  ol 

-0  lo.i;] 

-    4    3.9     9,   6 

0  10  12.08 

9.550 

73  43    8.2 

0.72  4/! 

-0.51     + 

0.8 

86 

Positions  moyennes  des  etoiles  de  Comparison. 


* 

A.R.   1922-2.3.0 

D.P.    1922-23,0 

Autorite.s 

* 

A.R.    1922-23.0  D.P.   1922-23.0 

Autorites 

1 

h      m     s 

8    4  55.02 

68  24  11.8 

A.G.  Berlin  B        3280 

39 

h      m     s 

19  46  29.40 

100  57  45.8 

A.G. 

Camb.  U.S 

6971 

2 

.2  17  43.40 

74  21  38.7 

A.G.  Berlin  A          653 

40 

12    4  30.20 

92  33  13.9 

rap. 

kA.G.Stra.< 

^.4527 

3 

2  11  40.30 

74  32  28.6 

A.G.  Berlin  A          631 

41 

12    7  21.96 

92  15  47.8 

A.G. 

Nichclajew 

3369 

4 

19  33  26.28 

100    9    2.1 

A.G.  Camb.  U.S.  6881 

42 

12  13  21.41 

90  52  25.8 

rap. 

a*  43" 

5 

19  30  49.38 

100  43  54.7 

A.G.  Camb.  U.S.  6867 

43 

12  11    0.55 

90  53  35.6 

A.G. 

Nicolajeiv 

3382 

6 

19  26    5.35 

100  39  56.9 

A.G.  Camb.  U.S.  6823 

44 

23  27  53.66 

101  25  31.2 

A.G. 

Camb.  U.S 

8204 

7 

0  51  47.24 

91  13    2.4 

A.G.  Nicola  jew        170 

45 

7  59  27.32 

56    6  57.4 

A.G. 

Leiden 

3379 

8 

0  49    1.26 

9134    2.5 

A.G.  Nicolajew        163 

46 

0  30  55.12 

73  10  44.7 

rap. 

a*47 

9 

21  15  16.32 

107    6  23.9 

A.G.  Washington  8034 

47 

0  32  11.32 

73  24  14.3 

A.G. 

Berlin  A 

170 

10 

21    8  13.45 

107  19  57.2 

A.G. Washington    7988 

48 

0  28  59.05 

.  73  18  58.5 

A.G. 

Berlin  A 

149 

11 

18  22  31.77 

103  54    5.0 

A.G: Camb.  U.S.  6302 

49 

0  26  51.36 

73  3121.5 

A.G. 

Berlin  A 

128 

12 

17  57  45.59 

104  29  43.0 

A.G.  Washington  6495 

50 

0  13  10.57 

77  17  59.4 

rap. 

a  A.G.  Lpz. 

I    64 

13 

17  51  54.25 

105  18  46.3 

A.G.  Washington  6450 

51 

0  16  57.65 

77  39  41.4 

A.G. 

Leipzig  I 

88 

L4 

21  22  10.87 

102  25  38.3 

A.G.  Camb.  U.S.  7600 

52 

23    4  54.82 

89  51  23.4 

A.G. 

Nicolajew 

5786 

15 

133  11.40 

79  58    8.2 

A.G.  Leipzig  II       601 

53 

23    6  51.24 

90    0  20.8 

A.G. 

Nicolajew 

5787 

16 

1  34  26.05 

80  29  53.4 

A.G.  Leipzig  II       014 

54 

23    1  19.00 

90  20  18.7 

Munich^ 

12834 

17 

1  33  50.20 

80  37  58.8 

A.G.  Leipzig  II       605 

55 

1  19  39.12 

104  19  51.3 

A.G. 

Washivgton     347  | 

18 

1    9    8.74 

84    7  25.7 

rap.  a  -^^  19 

56 

21  41  33.46 

88    3  15.2 

A.G. 

Albany 

7597 

19 

1    9    4.09 

84  17  19.1 

A.G.  Leipzig  II       430 

57 

2136  49.61 

88    1  30.6 

A.G. 

Albany 

7575 

20 

20  33  35.08 

102  17  20.1 

A.G.  Camb.  U.S.  7299 

58 

8    3  40.66 

68  39  38.6 

rap. 

k  A.G.  Berl.B Z241   \ 

21 

20  34  41.42 

102  21  19.5 

A.G.  Camb.  U.S.  7308 

59 

8  1130.36 

67  35  20.5 

A.G. 

Berlin  B 

3314 

22 

0  16  50.17 

91  18  12.1 

A.G.  Nicolajew          45 

60 

8  15  54.14 

65  43  50.6 

A.G. 

Berlin  A 

3344 

23 

0  17  29.20 

91  22  27.4 

A.G.  Nicolajew          47 

61 

8  26  50.71 

64  45  20.7 

A.G. 

Camb.  E 

4563 

24 

17  27  51.11 

106    2  15.4 

A.G.  Washington  6287 

62 

8  33  30.13 

63  40  18.7 

A.G. 

Camb.  E 

4618 

25 

17  22  34.23 

106    1  41.7 

A.G.  Washington  6252 

63 

8  54    4.89 

59  13  49.9 

A.G. 

Leiden 

3711 

26 

17    9    6.37 

108  53    9.3 

lap.  a  Bordeaux    4908 

64 

9    1    7.93 

57  57    4.1- 

A.G. 

Leiden 

3751 

27 

15    7  46.23 

108  48  44.9 

Paris                     18788 

65 

9  16  43.61 

56  45  54.7 

A.G. 

Leiden 

3833 

28 

11    2  38.89 

84    8  52.9 

A.G.  Leipzig  II     5686 

66 

9  26    7.76 

55  26  44.2 

A.G. 

Leiden 

3888 

29 

12    7  16.17 

91  34  50.4 

A.G.  Nicolajew      3368 

67 

14  54  54.68 

45  13  18.4 

A.G. 

Bonn 

9707 

30 

12    8    6.05 

91  24  21.1 

rap.  a  -^  29 

68 

19  57  51.86 

53  37  58.0 

A.G. 

Lund 

8930 

31 

7  24  57.35 

77  23  21.5 

A.G.  Leipzig  I       2937 

69 

20    6  17.36 

54  44  44.3 

A.G. 

Lund 

9069 

32 

7  24  49.65 

77    4  43.4 

A.G.  Leipzig  I       2934 

70 

20  41  16.24 

58  46  19.9 

A.G. 

Leiden 

8445 

33 

0  22  56.48 

72  3139.5 

A.G.  Berlin  A          100 

71 

20  42  59.01 

58  58    6.1 

A.G. 

Leiden 

8462 

34 

0  19    6.86 

72  39  50.7 

A.G.  Berlin  A.           78 

72 

20  43  38.42 

59  22    0.9 

A.G. 

Leiden 

8472 

35 

0  19  30.03 

72  54  21.3 

A.G.  Berlin  A            82 

73 

20  49  10.84 

59  56    1.2 

A.G. 

Camb.  E 

11863 

36 

9  57  55.22 

76  43  22.0 

A.G.  Leipzig  I       3924 

74 

20  55  13.21 

60    7  51.0 

A.G. 

Camb.  E 

11971 

37 

2  26  16.86 

90  26  11.8 

A  .G.  Nicolajew        502 

75 

20  54  13.22 

60  28  35.2 

A.G. 

Camb.  E 

11943 

38 

19  55    6.65 

100  45  11.9 

A.G.  Camb.  U.S.  7034 

76 

21    5  15.77 

61  30  29.5 

A.G. 

Camb  E 

12172 
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* 

A.R.    1922-23A( 

ii.V.    1. .._-_., A. 1                Autorit<!s 
1 

* 

AR.   1922-23.0 

D.P.   1922-23.0 

Autorites 

77 

h      m     s 

21  12  13.60 

62  18  52.8 

A.G.  Camb.  E 

12296 

82 

h      m     s 

23    6  56.47 

71  30    7.8 

A.G.  Berlin  A 

9480 

78 

21  16  20.81 

62  31  25.4 

A.G.  Camb.  E 

12371 

83 

23  24  21.27 

71  53    8.0 

A.G.  Berlin  A 

9581 

79 

21  48  16.66 

65  40  43.1 

A.G.  Berlin  B 

8432 

84 

23  27  13.52 

72    7  31.7 

A.G.  Berlin  A 

9596 

80 

22    2  53.97 

67    0  24.6 

A.G.  Berlin  B 

8522 

85 

0    145.26 

73  34  55.8 

A.G.  Berlin  A 

9781 

81 

22  20    5.86 

68  17  19.4 

A.G.  Berlin  B 

8621 

86 

0  10  28.30 

73  47  11.3 

A.G.  Berlin  A 

37 

REMARQUES       ■ 

Planetcs  (48)  et  (122)  —  Juin  21,  Mai  24:  Ics  observations  sont  contrari(5es  par  les  nuages. 

Cometc  1922  b  (Skjellerup) — Mai  19,  com^te  faible,  dc  grandeur  12.5,  large  dc  1'  au  niaxiniuni, 
condensation  incertaine  et  deeentr^e.  Mai  24,  cometc  plus  visible,  estim6e  de  grandeur  11.5.  Mai  31,  comete 
tres  faible,  p^nible  a  observer.     Juin  27,  comete  k  peine  perceptible,  plus  petite  que  12.5. 

Comdte  1922  c  (Baade)  —  Octobre  24,  comete  de  ll*'  grandeur,  t^te  ronde,  large  auplus  de  20",  avec  noyau 
central;  la  chevelure  est  un  peu  allong^e  vers  I'Est.  October  28,  cet  astre  est  bien  observable  malgr6  la  presence 
de  la  Lune  ag^e  de  8  jours.  November  11,  comete  de  10*  grandeur,  noyau  bien  apparent,  chevelure  large  dc  1' 
et  comme  soufl36e  vers  le  NE.  Novembre  21,  comete  de  9*  grandeur,  condensation  bien  d^finie,  naissance  dc 
queue  vers  NE.  D6cembrc  21,  meme  aspect  de  la  comete.  Janvier  12,  comete  de  grandeur  10.5,  large  de  45", 
avec  noyau  toujours  d6centr^.  Janvier  17,  le  ciel  se  couvre  rapidement.  Fevrier  6,  comete  de  grandeur  11.5, 
chevelure  de  20"  de  diametre,  un  peu  allong^e  vers  le  Nord. 

Observaioire  de  Besancon, 
3  Octobre,  1923. 


OBSERVATIONS   OF  SATELLITE  \T  OF  JUPITER, 

WITH   THE    26-INCH    REFR.ACTOR   OP    THE    U.   S.    NAVAL    OBSERVATORY, 

By   ERNEST   CLARE    BOWER. 
(Coniinunicated  by  Captain  E.  T.  Pollock,  U.  S.  Navy,  Svipcrintcndont.] 


G.  M.  T.                          App.  a                  App.  d 

Obj.-* 

Comp. 

\ogVP 

Ap.pl.  red.  of  'y^ 

C 

* 

1922  May  29.68194 

1923  Apr.    18.79497 

h      m        s                     „        ,        ,, 

12  31  46.45    -   2  22  48.8 
14  52     6.38    -15     7     1.6 

-   2^47   -3  54.0 
-11.54   +3  28.8 

dlO,  8 
rflO,  8 

9.527  0.755 
9.007  0.848 

+  L99    -11.0 

+  2.08   -   2.8 

/ 

1 

2 

May  29.     14" 


Faint. 


Mean  Places  of  Comparison  Stars,  for'  Beginning  of  Year 


* 

a 

5 

Authority 

1 

2 
3 

h      m       s 

12  31  46.93 
14  52  15.84 
14  54  36.57 

-   2  18  43.8 
-15  10  27.6 
-15     7  42.3 

^  Astr  (Alg-2°1232,  97  +  Fer  -3°  1228,  76) 
BD  -14°4071  comp.  \\ith  3,  1923  Apr.  18,  Aa  = 
AG  Wash  552^                                                   M  = 

-2-  20^73, 
-2'45".3,  1923.0 

I' .  ,^.  i\aml  Observatory,  Washington,  D.  C, 
1923  October  22. 
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PHOTOGRAPHIC  DETERMINATIONS  OF  THE  PARALLAXES  OF  50  STARS 
WITH  THE  THAW  REFRACTOR, 

By  bertha   G.    GRIER. 


The  mean  number  of  plates  used  in  these  determi- 
nations is  20.7,  and  the  mean  number  of  comparison 
stars  is  4.0.  The  mean  probable  error  is  ".OOGO. 
Seven  plates  were  rejected  after  measurement. 

The  column  headed  "A.  O.  a"  gives  the  proper- 
motion  of  the  parallax  star  in  right  ascension  relative 
to  the  comparison  stars.  The  preceding  column  gives 
the  absolute  motion  in  right  ascension  as  measured  by 
Boss  or  Porter.  The  column  headed  "P.E. "  gives, 
—  first  the  probable  error  of  the  parallax,  then  the 
probable  error  of  weight  unit.y,  both  expressed  in 
thousandths  of  a  second  of  arc.     The  last  column  gives 


the  sector  opening  in  per  cent;  an  opening  of  1.00  per 
cent  indicates  a  reduction  of  about  five  magnitudes. 

The  numbers  are  in  continuation  of  earlier  series. 
Tlie  work  will  appear  in  detail  in  Publications  of  the 
Allegheny  Observatory. 

Acknowledgments  are  due  to  Directors  Shapley, 
Porter,  and  Boss  for  data  concerning  magnitude, 
spectral  class  and  proper-motion,  and  to  Dr.  Keivin 
Burns  for  helpful  advice  and  supervision. 


Allegheny  Observatory, 
Oclober  15,  1928. 


No. 


a  (1900) 

5  (1900) 

h   m 
OM.l 

+  31  57 

1  09.4 

-  8  28 

143.0 

+  32  11 

153.7 

+  70  25 

2  06.1 

+  8  06 

2  56.0 

+  6120 

5  17.9 

+  37  18 

6  11.6 

+  9  59 

7  C4.8 

+39  29 

7  07.6 

+  16  20 

7  15.4 

+  36  57 

7  23.6 

+  28  07 

7  27.9 

+  16  02 

7  48.6 

+  50  48 

8  03.7 

+  35  45 

8  20.5 

+  7  53 

8  30.5 

+  6  58 

9  30.4 

+  14  50 

9  37.1 

+43  10 

9  51.5 

+  20  14 

9  51.5 

+  20  14 

15  27.3 

+41  10 

15  37.1 

+  20  00 

16  02.9 

+  38  55 

16  16.5 

+67  29 

DM.  No. 


Vis.  Mag. 

Class 


Proper- Motion 


Catalog 


Total 


A.  O. 


Relative   Parallax 
and   P.  E. 


Sector 


593 
594 
595 
596 
597 

598 
599 
600 
601 
602 

603 
604 
605 
606 
607 

60S 
609 
610 
611 
612 


Lai.   1677  .  .  . 

37  Ceti    

Pi.  171  

48  Cassiopeia 

64  Ceti    

Lai.  5490  .  . 
a  Aurigce  .  .  .  . 
75  Orionis  .  .  . 
63  A  urigm  .  .  . 
51  Gem 

65  Aurigce  .  .  . 

65  Gem 

68  Gem 

Lai.  15307  .  . 
Lai.   1.5882  .  . 

Lai.  16530  .  . 

2  1245  

7  Leonis  .  .  .  . 
Lai.  19022  .  . 
Lai.  19449  .  . 


613  Lai.   19449 
Moan 
V  Bootis  . . 
L  Serperjtis 
Lcl.  29439 


614 
615 
616 


617  Led.  29917 


+  31  153 

-  8  216 

+  31  316 

+  70  153 

+  7  347 

+  61  513 
+  37  1175 
+  9  1173 
+  39  1882 
+  16  1417 

+  37  1707 
+  28  1440 
+  16  1510 
+  50  1489 
+  35  1767 

+  8  2053 
+  7  1997 
+  15  2077 
+43  1953 
+  20  2399 


+41  2609 
+  20  3138 
+  39  2950 

+  67  935 


7.0  r5 
5.2  10 
5.8  15 

4.6  A3 

5.7  GO 

6.7  GO 

5.2  I\5 

5.3  A2 

5.1  K2 

5.3  Mb 

5.2  KO 
5.1  KO 

5.1  A2 

8.5  G5 

6.6  18 

5.2  KO 

6.0  F5 
6.2  AO 

8.1  E2 

7.7  GO 


5.2  K5 
4.5^2 
8.6  G5 

8.9  E  5 


0.358 

.295 

.352 

61 

.173 

1.004 

0.027 

63 

48 

51 

88 

47 

27 

.224 

.333 

.040 
.193 
38 
.819 
.242 


20 

87 

.591 

.505 


+  0.355 

+  .128 

-  .174 

-  61 

-  .134 

+  .734 

0 

+  6 

+  48 

+  14 

-  78 

-  26 

-  12 
+  .177 
+  .223 

-  .040 

-  .122 

-  36 
+  41 

-  .242 


+  14 
-  68 
+  .226 


+  0.348 
+   81 

-  .179 

-  50 

-  .188 


+ 


.497 


-  .109 

-  52 

-  11 
+  .203 
+  .209 

-  .023 

-  .114 

-  .116 
+  41 

-  .247 

-  .240 

+  13 

-  57 
+  .240 

-  .491 


+  .030 

+  35 

+  28 

+  22 

+  30 

+  18 

+  1 

+  10 

+  19 

+  6 

+  19 

+  13 

+  8 

+  4 

+  19 

+  3 

+  48 

-  1 

+  64 

+  .  20 

+  31 

+  25 

+  17 

+  1 

+  50 

+  .  83 


=  7;24 
8;27 
7;27 
6;22 
6;2] 

5;]8 
4;1G 
5;20 
6;23 
6;24 

6;23 
5;18 
4;16 
6;21 
4;16 

8;28 
7;27 
6;21 
6;21 
5;20 

6;24 
4;— 
5;18 
7;26 
9;30 

5:19 


1.5 
1.0 
1.3 
1.0 
1.0 

12.0 
1.5 
0.5 
2.5 
3.0 

2.3 
1.3 
0.5 
30.0 
2.0 

0.8 

1.5 

5.0 

15.0 

20.0 

20.0 

1.5 

0.3 

12.0 

25.0 
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No. 

Name 

a  (1000) 

5  (1900) 

DM.  No. 

Vis.  Mag. 
Class 

Prop 

a--Motion 

Relative 
and 

Paralla-\ 
P.  E. 

Sector 

% 

Catalog 

A. 

O.  o 

Total    1 

a 

h      m 

0 

a 

,, 

,, 

,, 

, 

, 

618 

Groom.  2624  . .  . 

18  34.9 

+42  35 

+  42  3123 

8.7  G5 

0.302 

+  0.295 

+  0.299 

+  .045 

±7;25 

40.0 

619 

Groom.  2686  .  . . 

18  48.0 

+  38  30 

+  38  3327 

7.2  F8 

.312 

+ 

.311 

+ 

.330 

+ 

11 

8;24 

3.0 

620 

Pi.  18",  273    ... 

18  49.8 

+  74  36 

+  74    792 

7.3  GO 

.333 

+ 

.327 

+ 

.339 

- 

16 

7;20 

5.0 

621 

IT  Draconis    .... 

19  20.2 

+  65  31 

+  65  1345 

4.6  A2 

46 

+ 

22 

+ 

39 

+ 

8 

7;23 

0.6 

622 

Lai.  37272    .... 

1931.7 

+  5101 

+  50  2815 

5.6  F5 

.207 

+ 

32 

+ 

1 

+ 

32 

6;22 

2.0 

623 

<P  Cygni 

19  35.4 

+  29  55 

+  29  3684 

4.8  KO 

34 

+ 

1 

- 

4 

+ 

6 

7:24 

1.0 

624 

a  SagiUce     

19  35.6 

+  17  47 

+  17  4042 

4.4  GO 

39 

+ 

20 

+ 

11 

- 

5 

5;17 

0.5 

625 

1^  Cygni      

19  53.0 

+  52  10 

+  52  2572 

4.8  A3 

49 

- 

37 

- 

46 

- 

4 

6;21 

0.9 

626 

15  Vuplec 

19  57.0 

+  27  29 

+  27  3587 

4.7  A5 

56 

+ 

56 

+ 

43 

+ 

22 

6;22 

0.6 

627 

47  Cygrii 

20  30.0 

+  34  54 

+  34  4079 

4.8  K5 

.015 

+ 

.002 

— 

.016 

— 

2 

0:21 

2.5 

628 

29  Vulpec 

20  34.1 

+  20  51 

+20  4658 

4.8  AO 

62 

+ 

62 

+ 

78 

- 

7 

7;23 

0.8 

629 

02  411    

20  39.0 

+45  28 

+  45  3245 

7.6  GO 

_ 

48 

+ 

6 

6;19 

18.0 

(130 

3 1  Vulpec 

20  47.8 

+26  43 

+  26  4017 

4.8  Go 

.102 

- 

71 

- 

68 

+ 

19 

6;20 

1.4 

ii:;i 

63  Cygni     

21  03.2 

+47  15 

+47  3292 

4.9  K 

17 

+ 

14 

+ 

8 

+ 

7 

7;21 

3.0 

632 

2  Pegasi    

21  25.4 

+  23  12 

+  23  4325 

4.8  Ma 

22 

+ 

21 

+ 

20 

+ 

4 

();17 

1.5 

633 

74  Cygni  

21  32.9 

+  39  58 

+39  4612 

5.1  A5 

6 

- 

2 

- 

10 

+ 

12 

6;1S 

0.8 

634 

14  Pegasi    

21  45.4 

+29  43 

+29  4525 

5.0  A 

41 

+ 

29 

+ 

30 

- 

2 

8;26 

0.5 

635 

14  Cephei    

21  58.7 

+  57  31 

+  57  2441 

5.5  A 

7 

- 

3 

- 

13 

- 

15 

6;21 

0.8 

636 

Pi.  405    

22  02.0 

+44  32 

+44  4043 

5.3  K 

19 

+ 

2 

- 

27 

- 

1 

5;18 

3.5 

637 

Lai.  43671-2  .  .. 

22  18.1 

+  8  57 

+  8  4856 

7.8  G5 

.279 

+ 

.276 

+ 

.273 

+ 

18 

8;25 

25.0 

638 

K  Aquarii    

22  32.ti 

-   4  45 

-  4  5716 

5.3  K 

.139 

- 

75 

- 

67 

+ 

10 

8;28 

0.8 

639 

9  Lacerla    

22  33.3 

+  51  02 

+  50  3770 

4.8  A5 

.116 

- 

54 

- 

55 

+ 

15 

6;19 

0.4 

640 

p  Pegasi    

22  50.2 

+   8  17 

+  8  4961 

5.0  A 

75 

+ 

74 

+ 

78 

- 

3 

7;26 

0.5 

641 

Radclf.  5911   ... 

22  55.9 

+  56  24 

+  56  2923 

5.5  G 

8 

+ 

5 

- 

14 

- 

4 

5;16 

3.0 

642 

Bract.  3109 

23  18.9 

+  31  59 

+  31  4901 

6.5  F2 

.237 

+ 

.233 

+ 

.241 

+ 

1 

8:26 

6.0 

ERRATA,   A.  J.   NOS.   825-826, 

By   ERNEST  W.   BROWN, 
p.  71,  col.  1,  equation  8'1,  for  —  ^  DvDg  road  —  ^  Dii  D  log  q 

(1  —  TDd)  —k-^'^v 
U     da 

pp.  73,  74,  throughout  paragraph  15  replace  "ci",  by  "»?",  to  avoid  confusion  witli  "ci",  in  i)aragrai)h  16. 


Yale  University, 
Sept.  18,  192S. 
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ON    THE  MOTIONS,   PARALLAXES  AND   LUMINOSITIES  OF    THE   LONG-PERIOD 
^  ARIABLES  AND   OTHER   STARS   OF   LATE   SPECTRAL  TYPES, 

By   RALPH   E.   WILSON. 


In  an  earlier  pajier'  the  writer  has  published  proper- 
motions  of  all  the  red  stars  of  types  Mc,  Md  and  later 
for  which  sufficient  observations  of  position  are  available. 
A  large  proportion  of  these  stars  are  long-period 
variai)les.  To  complete  the  data  for  these  variables 
in   order  to   make  some  approximations  to  their  mean 


parallaxes  and  luminosities,  an  investigation  has  been 
made  of  the  meridian  observations  of  stars  of  types 
earlier  than  Mc.  Table  I  presents  the  proper-motions 
of  86  variables,  presumably  of  long-period  and  mainly 
of  spectral  classes  Mm  and  Mh,  listed  in  the  same  form 
as  those  in  the  paper  cited  above. 


Table  I 


» 

B 

Sp. 

M 

' 

M' 

p.e. 

Ms 

p.c. 

M 

h   m 

o     / 

s 

,, 

,, 

„ 

,, 

,, 

0  16.7 

-20  37 

J/6 

-I-.0053 

-t-.074 

±.010 

+  .019 

±.012 

.076 

22.9 

-12  12 

Mb 

+ 

26 

4-.  038 

05 

-.012 

04 

.040 

24.3 

-38  28 

Mb 

+ 

45 

-h.053 

14 

-.026 

18 

.059 

35.0 

-34  30 

F8 

+ 

267 

-(-.328 

08 

-.110 

08 

.346 

1  44.0 

-1-53  15 

Mb 

+ 

02 

-f-.002 

05 

+  .003 

09 

.004 

2  47.3 

-  8  41 

Mb 

- 

09 

-.013 

10 

-.016 

07 

.021 

58.8 

-h38  27 

Mb 

+ 

121 

-f.l42 

01 

-.114 

02 

.182 

3  1.0 

-59  19 

Mb 

+ 

56 

-(-.043 

09 

-.022 

10 

.048 

13.9 

-h31  39 

- 

09 

-.012 

08 

+  .005 

10 

.013 

33.8 

+m  00 

Mb 

- 

10 

-.003 

01 

+  .019 

10 

.019 

34.1 

+bl   11 

F5 

+ 

12 

-(-.Oil 

06 

+  .006 

12 

.013 

47.8 

-(-  7  29 

F5 

+ 

56 

-(-.083 

09 

--.112 

08 

.139 

4  4.0 

-1-41  57 

Ma 

- 

05 

-.006 

13 

-.015 

16 

.016 

16.2 

-1-19  18 

+ 

06 

+  .009 

13 

+  .047 

12 

.048 

5  8.2 

+A0   01 

Ma 

+ 

41 

+  .047 

17 

+  .013 

22 

.050 

49.8 

-h  7  23 

Ma 

+ 

24 

+  .036 

01 

+  .010 

01 

.037 

51.0 

-h22  50 

Mb 

- 

11 

-.015 

13 

-.001 

14 

.015 

6  5.8 

+  21  54 

Ma 

- 

04 

-.006 

08 

-.012 

09 

.013 

8.8 

-f22  32 

Ma 

- 

47 

-.065 

01 

-.020 

01 

.068 

28.2 

-H45  42 

Mb 

- 

03 

-.003 

13 

-.025 

18 

.025 

46.7 

-H  4  53 

Mb 

- 

21 

-.031 

14 

-.007 

13 

.032 

7  1.3 

-1-22  40 

K5 

+ 

07 

+  .010 

11 

-.010 

12 

.014 

20.9 

-1-46  10 

Mb 

+ 

02 

+  .002 

08 

-.016 

11 

.016 

35.3 

-1-20  40 

- 

15 

-.021 

10 

-.024 

10 

.032 

35.9 

-f  8  37 

Mh 

+ 

23 

+  .034 

25 

-.009 

25 

.035 

1  T      Cet    .. 

2  Pi  78   ..  .. 

3  T      Scu  .. 

4  Z      Scu  .  . 

5  TT  Per    .  . 

6  RR  En 

7  p       Per.  .  . 

8  T'      Hor  .  . 

9  UZ  Per    .  . 

10  SS    Cep.  .. 

11  +51°762    . 

12  X      Tau  . . 

13  SW  Per   . . 

14  T      Tail  . . 

15  UZ  Aur  .  . 

16  a       Ori  .  .  . 

17  HD  39983 

18  TV  Gem    . 

1 9  r,        Gem  .  . 

20  TU  .4  Mr  .  . 

21  HD  50133 

22  TW  Gem.    . 

23  Y      Lyn  .  . 

24  Y      Gem.    . 

25  U      CMi   . 
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Star 

- 

« 

Sp. 

"a 

JX:. 

p.e. 

i"5 

p.e. 

M 

h       m 

o             . 

s 

,, 

,, 

,, 

,, 

,, 

28     T       Pup    

7  44.7 

-40  24 

Ma 

-. 

0014 

-.016 

±.005 

-.028 

±  .006 

.032 

27     ('       Gem    

49.2 

+  22   16 

Con 

- 

17 

-.024 

13 

-.010 

13 

.047 

28     T      Lyn    

8  16.4 

+  33  51 

+ 

20 

+  .025 

09 

-.014 

11 

.029 

29     TV   Hyd    

34.9 

-   9  14 

Mb 

=t 

00 

±  .000 

10 

+  .002 

10 

.002 

30     RS   Cam    

36.9 

+  79  20 

Mb 

+ 

57 

+  .016 

01 

-.049 

10 

.052 

31     SW   Vel 

40.4 

-47  03 

K2 

- 

140 

-.149 

07 

+  .001 

08 

.149 

32     RT  Cam    

52.9 

+  11    13 

Ma 

+ 

01 

+  .001 

09 

-.022 

08 

.022 

33     S       Vel 

9  29.5 

-45  04 

■    Mb 

- 

73 

-.077 

10 

+  .025 

14 

.081 

34     R      Sex  

37.8 

-   7  39 

Mb 

+ 

17 

+  .025 

14 

-.015 

13 

.029 

35     Z      Leo   

46.4 

+  27  22 

Mb 

- 

14 

-.019 

17 

+  .003 

14 

.019 

36     RR   Car   

54.8 

-58  23 

Mb 

- 

41 

-.032 

06 

+  .026 

11 

.026 

37     U      UMa    .... 

10     8.3 

+  60  31 

Ma 

+ 

18 

+  .013 

02 

-.004 

04 

.014 

38     SV    UMa    .... 

10.4 

+  55  33 

+ 

01 

+  .001 

09 

-.018 

15 

.018 

39     HD  94613     ... 

50.2 

-61   30 

Kh 

- 

35 

-.025 

05 

-.024 

08 

.035 

40     ST    UMa    .... 

11   22.4 

+  45  44 

Mb 

- 

08 

-.008 

07 

-.037 

10 

.038 

41     RX   Vir   

59.6 

-   5  13 

A'O 

- 

41 

-.061 

18 

-.038 

18 

.072 

42     RW  Vir   

12     2.1 

-   6  12 

Mb 

+ 

C6 

+  .009 

05 

+  .011 

04 

.0.14 

43     RY    UMa    .... 

15.7 

+  61   52 

Ma 

- 

63 

-.045 

04 

-  .007 

07 

.046 

44     UY  Cen 

13    10.7 

-44   10 

KFyp 

- 

12 

-.013 

07 

+  .005 

08 

.014 

45     V      CVn   

15.1 

+  46  04 

Ma 

- 

38 

-  .040 

06 

-.008 

07 

.041 

46     S       Chm 

24.6 

-77  06 

F5 

-. 

108: 

-.367 

02 

-.121 

07 

.386 

47     HD  120400   .  .  . 

44.0 

-57  05 

(;5p 

-. 

0042 

-.034 

06 

-.019 

OS 

.039 

48     e       Aps    

55.6 

-76  09 

Mb 

- 

272 

-.095 

01 

-.039 

04 

.103 

49     RV   Boo 

14  35.1 

+  32  58 

Mb 

+ 

13 

+  .016 

08 

-.033 

10 

.037 

50     RW  Boo 

37.0 

+  31   59 

Mb 

- 

05 

-.006 

00 

-.012 

07 

.013 

51      }'      Ser    

15     8.8 

-    1   31 

Ma 

- 

30 

-.045 

OS 

-.037 

07 

.058 

52     R      Nor 

28.8 

-49    10 

Mb 

- 

13 

-.013 

07 

-.048 

09 

.050 

53     RR   CBr    

37.8 

+  38  53 

Mb 

+ 

25 

+  .029 

07 

-.034 

09 

.045 

54     R      CBr    

44.4 

+  28  28 

COp 

- 

01 

-.001 

04 

-.021 

03 

.021 

55     SX   Her 

16     3.2 

+  25    11 

A'2 

- 

31 

-.042 

OS 

-.030 

07 

.052 

56     S       Oph    

28.5 

-16  57 

- 

13 

-.019 

17 

-.033 

14 

.038 

57     TX  Dra 

33.6 

+  60  40 

Mb 

- 

97 

-.072 

03 

+  .014 

05 

.073 

58     TX  Oph    

56.8 

+   5  04 

Com 

- 

32 

-.048 

11 

-.040 

12 

.062 

59     HD  154676   .  .  . 

17     1.8 

+  7  55 

CO 

+ 

32 

+  .047 

18 

+  .001 

18 

.047 

60      VW  Dra 

15.3 

+  60  46 

A'O 

- 

50 

-  .036 

02 

+  .007 

03 

.037 

61     BM  Sco 

34.4 

-32  10 

A'O 

- 

05 

-.006 

C4 

+  .010 

04 

.012 

62     AX  Sgr 

18     2.6 

-18  34 

Ki)l> 

- 

09 

-.013 

IS 

+  .127 

18 

.128 

63     SS    Set    

38.3 

-   7  50 

FHp 

+ 

15 

+  .022 

20 

+  .051 

17 

.056 

64     R      Scl    

42.2 

-   5  49 

KOp 

- 

36 

-.0.54 

04 

-.026 

04 

.060 

65     RT  Scl    

44.0 

-10  30 

Ma 

+ 

06 

+  .009 

16 

-.014 

18 

.017 

66      UX  Sgr 

49.1 

-16  39 

Mb 

- 

17 

-.024 

21 

-.016 

25 

.029 

67     R      Lyr 

52.3 

+43  49 

Mb 

+ 

23 

+  .025 

02 

+  .077 

02 

.081 

68     RX  Tel    

59.6 

-46  07 

Ma 

+ 

13 

+  .014 

08 

+  .002 

09 

.014 

69     RY  Sgr 

19  10.0 

-33  42 

GOp 

± 

00 

±.000 

07 

+  .006 

08 

.006 

70     R      Sgr 

10.8 

-19  29 

Md 

- 

05 

-.007 

13 

+  .032 

12 

.033 

71     AF   Cyg 

27.2 

+45  56 

Mb 

+ 

30 

+  .031 

04 

+  .003 

05 

.031 

72     ^S       Vul 

44.3 

+  27  02 

- 

08 

-.011 

05 

+  .000 

04 

.011 

73     S       Cyg 

20     3.4 

+  57  42 

+ 

13 

+  .010 

07 

+  .006 

12 

.012 

74     ft       Cap    

5.7 

-14  34 

- 

02 

-.003 

16 

+  .010 

12 

.010 

75     TZ    Aql   

25.0 

-   5  06 

Mc 

+ 

31 

+  .046 

18 

-.040 

18 

.061 
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Star 

« 

s 

Sp. 

M=,                     Ma                     P-*"- 

/lo              p.e. 

M 

76  T       Cyg 

77  AZ    Cyg 

78  ,u        Cep 

79  rX   Peg   

80  h'Z    Lac    

81  IS        Peg   

82  RU  Aqa     

83  ,S'F    Cas   

84  rZ    And    

85  p        Cas       .... 
80      V      Cep 

h       m 

20  43.2 
54.5 

21  40.4 

22  13.4 
31.6 
58.9 

23  19.2 
34.3 
45.8 
49.4 
51.7 

+34  00 
+46  05 

+  58  19 
+  13  06 
+  52   15 
+  27  32 
-17  52 
+  51   42 
+  46  57 
+  50  50 
+  82  38 

A'O 

Ma 

Mb 

Pec 

Mc 

Mc 

FS 

A 

+  .0036   +.045    ±.007 

-  04    -.004           06 
+       01    +.001           03 
+       10   +.015           11 
+       06   +.000           08 
+     141    +.188           01 
+       07    +.010          20 
+       07    +.007           04 
+       10    +.010           10 

-  05    -.004           01 
+  .0291    +.050           03 

+  .010    ±.007 
±.000          07 
-.002          05 
-.044           10 
+  .023           17 
+  .138          01 
+  .008           10 
-.010          07 
+  .014           14 
+  .001           02 
+  .009           03 

.040 
.004 
.002 
.047 
.024 
.233 
.013 
.012 
.017 
.004 
.057 

The  former  investigation  showed  that  essentially 
all  the  late-type  stars  with  small  proper-motions  are 
giants,  that  the  solar  motion  derived  from  the  prefer- 
ential motion  of  the  stars  of  late  type,  exclusive  of  Class 
N,  agreed  well  with  those  of  the  stars  of  the  more 
common  types,  and  that  the  motions  of  the  Class  N 
stars  were  to  an  exceptional  degree  indeterminate 
because  of  their  peculiar  distribution  on  the  sky. 
Adding  the  data  contained  in  Table  I,  excluding  proper- 
motions  in  excess  of  20"  per  century  and  those  of  Class 
A^,  we  get  as  coordinates  of  the  solar  motion  referred  fo 
300  stars  of  late  type: 


A  =  275° 


D  =  +31° 


q  =  ".0174 


From  the  real  motions  of  the  giant  stars  the  velocity  of 
the  Sun  in  space  is  20.7  km.  per  second.-''  From  this 
we  derive  a  mean  parallax  for  these  stars,  ."00398. 
Their  mean  apparent  magnitude  at  maximum  is  7.3, 
and  their  mean  absolute  magnitude  therefore,  +0.3. 
This  value  is  in  close  agreement  with  that  determined 
later  for  the  stars  of  the  separate  spectral  types  by  a 
different  method.  The  added  material  introduces  no 
essential  change  in  the  systematic  peculiar  motion  of 


these  stars.  They  observe  the  same  tendencies  as  the 
stars  of  the  more  common  spectral  types  in  preferential 
motion  towards  K.^pteyn's  vertex,  avoiding  the 
directions  perpendicular  to  the  plane  of  the  Milky 
Way.  We  may,  therefore,  apply  the  same  methods  as 
have  been  applied  to  the  other  stars  for  the  determina- 
tion of  their  mean  distances. 

Dependence  of  Proper-Motion  of 
Prob.\ble  Error 

In  two  papers'-^  the  \\riter  has  called  attention  to  a 
decrease  in  average  proper-motion  with  increase  in  the 
accuracy  of  the  determinations  and  to  its  effect  upon 
the  average  r-component,  which  bids  us  be  cautious  in 
the  use  of  poorly-determined  proper-motions  for 
estimations  of  mean  parallax.  Yet,  in  investigations 
concerning  the  stars  of  the  rarer  spectral  types,  it 
frequently  happens  that  much  of  the  data  is  weak  and 
that  if  the  poorer  data  be  excluded  there  is  very  little 
left.  The  attempt  has,  therefore,  been  made  to  find 
some  method  of  minimizing  the  effect  of  probable  error 
on  the  mean  proper-motions.     This  effect  is  consider- 


Table    II 
DEPENDENCE   OF   REDUCED   PROPER-MOTION    ON   PROBABLE   ERROR 


p.e.       <;' 

'.007 

* 

".007 
-".010 

* 

■     ".010 
-".015 

* 

".015 
-".025 

* 

>".025 

* 

<".015 

<".010 

logarith- 
mic mean 

* 

Misc.  " 

014 

10 

".049 

15 

".057 

17 

".073 

10 

".046 

".035 

".031 

52 

Mabc 

025 

23 

.031 

17 

.031 

21 

.047 

10 

.057 

7 

.029 

.028 

.024 

84 

Md 

022 

23 

..035 

30 

.033 

26 

.060 

20 

.086 

16 

.030 

.030 

.026 

121 

H,SJ\ 

014 

13 

.020 

13 

.061 

9 

.097 

7 

.188 

9 

.024 

.017 

.021 

51 

N 

015 

31 

.025 

27 

.043 

20 

.078 

7 

.180 

7 

.023 

.020 

.019 

92 

All 

019 

100 

.032 

102 

.042 

93 

.005 

00 

.122 

39 

.030 

.025 

.024 

400 
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ably  enhanced  when  the  motions  are  rodured  to  the 
mean  magnitude  of  the  stars  under  discussion  because, 
in  general,  the  motions  of  the  fainter  stais  which  are 
magnified  in  tlie  process  are  less  well  determined  than 
those  of  the  brighter  stars  which  are  reduced.  Among 
the  stars  at  present  under  consideration  there  is  a  wide 
range  of  magnitude  and  all  the  motions  have  been 
reduced  to  magnitude  7.5,  the  approximate  mean.  The 
mean  proper-motions  /li(7.5),  for  several  spectral  classes 
and  five  probable  error  groups  are  exhil)ited  in  Table  IL 
The  increase  in  proper-motion  with  probable  error  is 
shown  definitely  in  each  group.  The  same  effect 
ai)pcars  when  the  groups  are  further  sub-divided.  Ma, 
Mb,  Mc,  R,  S,  Pec,  Na  and  Nb  being  taken  separately. 
It  is  obvious  that  the  weighted  mean  ju  cannot,  in  any 
case,  give  adequate  representation  of  the  true  mean 
proper-motion;  nor  can  the  exclusion  of  proper-motions 
with  probable  errors  greater  than  a  given  amount 
accomplish  this  unless  we  throw  away  the  greater  part 
of  the  material.  Inasmuch  as  this  effect  enters  directly 
into  the  T-component,  the  weighted  average  t  does  not 
represent  the  true  peculiar  stellar  motion.  In  the 
determination  of  the  mean  parallactic  motion,  q,  the 
effect  is  largely  eliminated  by  the  alternation  of  signs. 
The  increase  of  mean  /i  with  the  probable  error  simulates 
a  logarithmic  increase,  suggesting  that  the  logarithmic 
mean  might  represent  more  closelj'^  the  true  mean  n. 
In  the  latter  columns  of  the  table  are  given  the  results 
of  the  combinations  of  the  values  of  /z  by  means  of  the 
following  weights: 


< 


p.e. 

.010 

.010—  .015 

.015—  .025 

>    .025 


wt. 

1.0 
0.8 
0.5 
0.2 


On  the  whole  the  results  in  Table  II  indicate  that  the 
weighted  logarithmic  mean  of  all  the  proper-motions 
probably  gives  as  good,  if  not  a  better  determination  of 
the  mean  /x  than  any  other  combination  of  the  results. 
In  effect,  it  eliminates  in  large  part  the  dependence  on 
the  probable  error  and  enables  us  to  use  all  the  data. 
The  relations  between  the  logarithmic  means  and  the 
means  of  the  proper-motions  with  probable  errors 
<".010  and  ^".015  nuiy  be  veil  represented  by  the 
formula: 

logarithmic  mean  yu  =  0.9;u  (p.e.  <".010) 
=  0.8m  (p.e.~".015) 

In   other    words   if   we   u.'ic   only    proper-motions   with 


probable  errors  <  ".010  or  ;^".015,  the  mean  n's 
derived  from  them  should  be  decreased  10%  and  20%, 
respectively,  to  represent  the  true  mean  proper-motion. 
From  this  it  follows  that  the  true  peculiar  motion  of 
any  class  of  stars,  when  deduced  from  proper-motions 
reduced  for  magnitude,  may  be  represented  by  the 
formula: 

T  =  logarithmic  mean  t  =  0.9t  (p.e.  <".010) 
=  0.8r  (i).e.<."015) 


Mean  Parallactic  and  Peculiar  Motion 

In  Table  III  are  exhibited  three  sets  of  computations 
of  the  mean  peculiar  and  parallactic  motions  of  the 
various  classes  of  stars  under  consideration.  The  first 
set  is  based  only  upon  the  proper-motions  with  probable 
errors  <".015,  where  those  with  probable  errors 
between  ".010  and  ".015  have  received  half  weight; 
the  second,  on  all  the  data,  t  being  the  logarithmic 
mean;  and  the  third,  on  the  proper-motions  of  the  first 
set  corrected  by  the  systematic  corrections  suggested 
by  Lewis  Boss'-,  plus  a  correction  to  the  proper- 
motions  in  declination  of  the  form  suggested  by 
Kapteyn",  -f  ".005  cos  5.  The  form  of  this  correction 
is  probably  wrong,  but  in  its  effect  it  is  a  close  approxi- 
mation to  the  corrections  indicated  by  receht  studies 
of  the  systematic  errors  of  the  Boss  proper-motions  in 
declination.  The  values  of  t  in  the  first  and  third  sets 
are  the  actual  computed  values,  without  the  suggested 
reduction  of  20%.  It  will  be  seen  that,  when  these 
values  are  so  reduced,  there  is  no  appreciable  disagree- 
ment between  the  values  of  t  in  the  three  computations. 
The  straight  mean  of  these  values  so  reduced  and  the 
logarithmic  mean  of  all  the  data  has  been  taken  to 
represent  the  adopted  mean  peculiar  motion  for  each 
class,  given  in  the  next  to  the  last  column.  The  value 
of  q  is  in  general  somewhat  smaller  for  the  better 
material,  due  in  part  to  the  different  system  of  weighting, 
and  is  subject  to  a  further  slight  reduction  following 
the  application  of  the  systematic  corrections.  The 
differences  in  the  values  c/f  q,  however,  are  so  small  in 
comparison  with  the  uncertainties  in  the  data  that 
there  is  no  reason  for  giving  one  determination 
preference  over  another  and  the  adoption  of  the  straight 
mean  of  the  three  as  the  value  of  the  mean  parallactic 
motion  for  each  class  cannot  introduce  an  appreciable 
error.  These  values  are  given  in  the  last  column  of 
tlie  table.  The  striking  feature  of  this  tabulation  is 
the  essential  equality  of  the  values  of  q  for  all  classes 
down  to  and  including  S,  with  the  rapid  decrease 
through  classes  R  and  A'^. 
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Class 


Table   III 

MEAN  PECULIAR  AND  PARALLACTIC  MOTIONS 
(Reduced  to  Magn.  7.5) 


Class 

p.e.  < 

".015 

T 

<l 

* 

Misc. 

".022  +' 

'.015 

44 

Ma 

.006 

.020 

11 

Mb 

.018 

.017 

24 

Mc 

.019 

.014 

26 

Mabc 

.016 

.016 

61 

Md 

.014 

.015 

89 

Pec. 

.015 

.013 

6 

s 

.009 

.011 

14 

R 

.014 

.004 

16 

Na 

.012 

.005 

10 

Nh 

.019 

.002 

52 

Np 

.011 

.000 

9 

M  data 

- 

? 

* 

m 

013  + 

'.013 

51 

7.9 

005 

.018 

15 

0.2 

012 

.018 

28 

6.4 

012 

.017 

41 

6.9 

010 

.018 

84 

6.6 

Oil 

.016 

121 

7.1 

009 

.025 

9 

8.4 

006 

.022 

14 

6.5 

014 

.018 

28 

8.4 

009 

.006 

20 

7.4 

013 

.003 

62 

7.8 

007 

.000 

9 

7.6 

Table  IV 

corr 

pms 

T 

<l 

022 

+  ' 

.014 

010 

.015 

016 

.015 

020 

.010 

016 

.014 

017 

.011 

017 

.008 

013 

.014 

017 

.006 

Oil 

.007 

019 

- 

.001 

012 

.000 

Adopted 


0160 

+  ' 

'.0139 

0059 

+ 

.0174 

0133 

+ 

.0167 

0145 

+ 

.0137 

0121 

+ 

.0158 

0118 

+ 

.0139 

0113 

+ 

.0151 

0078 

+ 

.0153 

0133 

+ 

.0073 

0092 

+ 

.0060 

0144 

+ 

.0013 

0083 

- 

.0003 

MEAN   PARALLAX  AND  ABSOLUTE  MAGNITUDE 

V.     A  jzi  Tti  ,  Km  Ml  Mi  Ms      A 


Adop. 


Misc. 

15.1 

c      + 

'.0032 

'.005C  ' 

'.00355 

+  0.25 

+  C.6 

+  0.3 

L 

+  0.4 

Ma 

16.6 

c 

40 

17 

352 

+  0.25 

+  0.5 

+  0.4 

Mb 

16.6 

c* 

38 

38 

381 

+  0.40 

+  0.6 

-0.2 

L 

+  0.3 

Mc 

16.6 

c 

31 

41 

334 

+  0.10 

+  0.3 

+  0.2 

Mabc 

16.6 

c 

36 

34 

359 

+  0.30 

+  0.4 

+  0.3 

Md 

31.: 

Me 

32 

18 

291 

-0.20 

0.0 

+  0.1 

Me 

0.0 

Pec. 

16.6 

C 

35 

32 

341 

+  0.15 

+  0.4 

+  0.3 

s 

16.6 

C 

35 

22 

324 

+  0.05 

+  0.2 

+  0.1 

R 

26.0 

s 

17 

24 

182 

-1.20 

-2.0 

-1.5 

S 

-1.6 

Na 

18^0 

Mo 

14 

24 

158 

-1.50 

-1.6 

-1.1 

Mj 

-1.4 

Nb 

18.0 

Mo 

03 

38 

100 

-2.50 

—  2.2 

-2.4 

Mo 

-2.4 

Np 

18.0 

L,  LUNDMARK 

Mo 

md  Luyten"', 

.0007  .0022 
Me,  Merrill"'*; 

.00038 
Mo,  Moore 

-4.60  -3.9 

■'";    S,   Sanford" 

-4.2 

C,    C^MPliELL'; 

Mean  Parallax  and  Absolute  Magnitude 

Although  our  ideas  of  the  mean  parallactic  and 
peculiar  motions  of  these  stars,  as  derived  from  the 
proper-motions,  may  thus  be  made  fairly  definite,  the 
succeeding  steps  in  the  determinations  of  mean 
parallaxes  are  subject  to  a  somewhat  greater  degree  of 
uncertainty,  due  to  the  small  number  of  radial  velo- 
cities available  for  all  classes  except  Md.  It  seems 
reasonably  certain,  however,  that  practically  all  these 
stars  are  giants.     The  solar  speed  with  reference  to  the 


giant  stars  is  known  to  b(>  about  20.7  km.  per  sccond- 
with  a  very  small  degree  of  uncertainty.  Radial  velo- 
cities of  the  stars  under  discussion  are  sufficiently 
numerous-  to  indicate  that,  in  the  mean,  this  value 
represents  closely  the  solar  motion  for  all  classes, 
except  Md,  for  which  Merhill  gets  —56  km.  per 
second.'  SanfordI'  gets  21  km.  from  the  Class  R 
stars,  rejecting  three  extremely  discordant  velocities, 
and  Moore'  gets  17.5  km.  for  Class  N.  For  a  first 
approximation  it  seems  sufficiently  accurate  to  adopt 
for  the  computation  of  the  mean  parallax  the  value. 
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20.7  km.  The  lack  of  radial  velocities  has  a  similar 
effect  on  the  determination  of  the  mean  peculiar  motion. 
This  motion  was  computed  from  the  radial  velocities 
available  for  each  class  and  was  found  to  agree  within 
the  errors  due  to  the  scarcity  of  the  data  with  the 
peculiar  motions  of  similar  classes  of  the  non-variable 
stars.  For  this  reason  we  have  adopted  the  peculiar 
motions  derived  by  C.\mpbell^  for  the  late  t.ype  stars 
for  all  classes  for  which  independent  determinations 
have  not  been  made  by  other  investigators.  The  values 
used  and  the  authorities  are  given  in  the  second  and 
third  columns  of  Table  IV.  The  computed  parallaxes 
are  giv(>n  in  the  fourth  and  fifth  columns,  tt,,  derived 
from  the  parallactic  motion,  is  subject  to  some  uncer- 
tainty, from  the  systematic  errors  of  the  proper-motions, 
uncertainties  in  the  apparent  magnitudes  and  the 
assumption  of  the  value  of  the  solar  motion.  These 
uncertainties,  however,  are  small  when  compared  with 
those  of  7r2,  derived  from  the  peculiar  motion,  in  which 
there  has  been  shown  to  enter  a  dependence  on  the 
probable  error,  in  which  the  errors  in  the  apparent 
magnitudes  enter  with  full  effect,  and  in  which  are 
involved  the  errors  of  the  peculiar  motions  derived  from 
the  radial  velocities.  For  these  reasons  xi  has  been 
given  four  times  the  weight  of  7r2  in  determining  the 
mean  parallax  of  the  different  classes,  TTm,  given  in  the 
sixth  column. 

The  mean  absolute  magnitudes  have  been  computed 
from  these  parallaxes  by  means  of  the  formula: 


M  =  7)1  -1-5-1-5  log 


12.5    +    5  log  TT 


The  onl.y  additional  uncertainty  introduced  in  this 
process  arises  from  the  lack  of  definite  knowledge  of  the 
apparent  magnitudes.  This  uncertainty  enters  in  two 
waj^s,  both  of  which  arc  systematic  but  opposite  in  effect. 
First,  for  manj'  of  the  fainter  stars  photographic  magni- 
tudes only  are  available.  The  color  indices  of  these 
stars  are  decidedly  uncertain  and  for  the  reduction  to 
visual  magnitude  we  have  used  —1.4,  the  Harvard 
color  index  for  Class  M.  The  mean  effect  for  most 
of  the  stars  is  under-correction  making  the  mean 
apparent  magnitude  too  faint.  Second,  for  all  the 
variable  stars  there  arises  the  question  whether  we 
should  use  the  maximum  magnitude  or  the  maximum 
of  the  mean  light  curve.  The  greater  part  of  the 
magnitudes  were  taken  from  the  Revised  Draper  Cata- 
logue and  are  presumably  observed  maxima.  Those 
not  contained  in  the  Draper  Catalocjue  are  maxima 
found  elsewhere.  The  use  of  the  maxima  of  the  mean 
light  curves  would,  in  effect,  make  the  mean  magnitude 
fainter  than  that  used.  What  the  combination  of 
the  two  effects  would  leave  in  the  way  of  a  systematic 


error  it  is  impossible  to  determine  except  for  tlie  ("lass 
M  stars.  Here  the  first  effect  must  be  very  small  and, 
due  to  the  second  effect,  the  computed  M's  are  too 
bright.  In  the  eighth,  ninth  and  tenth  columns  of  the 
tabl(>  are  given,  il/2,  the  absolute  magnitude  computed 
from  the  better  proper-motion  data,  il/3,  absolute 
magnitudes  computed  by  others,  and  the  authority. 
The  systematic  difference  between  Mi  and  M^  is  due 
largely  to  the  reduction  of  t  by  the  factor  0.8  in  the 
former  case  and  not  in  the  latter.  The  computations 
of  LuNDMARK  and  LuYTEN  were  based  for  the  most 
part  upon  the  non-variable  stars  of  Classes  F  to  M, 
giving  evidence  that  for  these  classes  there  is  no  essen- 
tial difference  in  absolute  magnitude  between  the  non- 
variable  giants  and  the  variables  at  maximum.  I'or 
the  purposes  of  further  discussion  it  makes  little 
difference  whether  we  take  M\  or  any  combination  of 
the  three  determinations  to  represent  the  mean 
absolute  magnitude  of  these  classes  of  stars.  We  have 
taken  the  straight  means  which  are  shown  in  the  last 
column  of  the  table. 

Several  points  concerning  these  luminosities  are 
worthy  of  note.  First,  in  those  classes  composed 
wholly  of  stars  whose  light  is  variable,  and  in  general 
variable  through  a  large  range.  Misc.,  stars  of  F,  f! 
and  K  classes.  Ma,  b,  c,  d,  Pec.  and  S,  there  is  a  very 
small  range  of  mean  absolute  magnitude;  they  are 
giant  stars:  and  these  results  in  conjunction  with  those 
derived  elsewhere  for  the  non-variable  stars  indicate 
that  there  is  no  great  range  in  mean  luminosity  among 
the  giant  stars  of  types  ranging  all  the  way  from  F5 
to  S.  Second,  the  stars  of  Classes  R  and  A'^,  whose 
light  is  either  apparently  constant  or  subject  to 
comparatively  small  variations,  are  definitely  more 
luminous,  a  conclusion  in  harmony  with  the  spectro- 
graphic  evidence  that  these  stars  form  a  branch  of  the 
curve  of  stellar  evolution  different  from  that  followed 
by  the  K-M  stars.  Third,  in  the  Class  N  stars  there 
is  evidence  of  a  great  range  in  luminosity  following 
spectral  differences  in  the  order,  Na,  Nb,  Np.  The 
difference  in  mean  luminosity  between  the  Na  and 
Nb  stars  has  already  been  pointed  out  by  Moore.'" 

The  small  range  in  mean  luminosity  among  the 
giant  stars,  coupled  with  the  comparatively  small 
range  in  luminosity  among  the  individual  giants  whose 
parallaxes  have  been  measured,  has  suggested  the 
possibility  of  computing  the  parallaxes  of  the  individual 
stars  from  their  apparent  magnitudes  upon  the 
assumption  of  equal  luminosity.  Since  the  proper- 
motions  ar(^  in  general  very  small,  the  parallaxes 
should  in  general  be  independent  of  proper-motion. 
To  test  this  assumption  parallaxes  have  been  computed 
for   139  stars  of  Class  M  and  later  for  which  either 
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spectroscopic  or  trigonometric  jDarallaxes  were  avail- 
able, vising  the  absolute  magnitudes  in  the  last  column 
of  Table  IV.  The  comparison  of  the  mean  parallaxes 
is  given  in  Table  V. 

Table    V 
COMPARISON    OF    MEAN    PARALLAXES 


Class 


H 


Ma 

83 

".012 

".012 

35 

.016 

.014 

31 

.014 

.014 

Mb 

39 

.009 

.008 

9 

.014 

.010 

12 

.009 

.008 

Mc 

5 

.007 

.007 

Md 

7 

.009 

6 

.005 

".015 


.011 


".015 


.015 


.015 
.007* 


'Comparison  with  van  Maanen  only. 


The  column  headed  H  gives  the  parallaxes  computed 
on  the  assumption  of  equal  luminosity,  S,  the  Mount 
Wilson  spectrographic,  L,  the  hypothetical  parallaxes 
of  LuNDMARK  and  LuYTEN*  and  T,  the  trigonometric. 
In  the  mean  the  hypothetical  parallaxes  fit  closely  the 
spectrographic  and  these  derived  by  Lundmark  and 
LuYTEN,  and  possibly  the  agreement  Avith  the  trigo- 
nometric parallaxes  is  as  good  as  could  be  expected 
from  the  small  number  of  stars  involved.  The  dis- 
agreement in  Class  Md  is  almost  wholly  due  to  a 
single  discordant  McCormick  parallax,  the  six  others 
being  determinations  by  van   Maanen. 

When  we  come  to  compare  the  individual,  parallaxes. 
Table  IV,  it  is  found  that  the  agreement  with  the 
spectroscopic  and  for  the  most  part  with  the  trigo- 
nometric values  is  satisfactory  for  all  stars  fainter  than 
Magn.    2.0.  The    assumption    of    equal    luminosity 

appears  to  hold,  therefore,  for  the  stars  fainter  than 
Magn.  2.0,  but  for  the  two  bright  Ma  stars,  a  Orionis, 
Magn.  0.9,  and  a  Scorpii,  Magn.  1.2,  it  appears  to  break 
dow^n.  Nor  is  this  surprising,  as  these  stars  are  knovi  n 
to  be  super-giants,  their  diameters  having  been 
measured  with  the  interferometer.  It  is  certain  that 
stars  of  this  category  are  exceedingly  few,  wherefore  it 
seems  a  reasonably  safe  propositioji,  for  investigations 
in  which  great  accuracy  is  not  required,  to  assume 
that  the  parallaxes  of  the  gianl  stars,  i.e.,  presumably 
those  with  small  proper-motions,  of  Class  M  at  least, 
may  be  computed  from  their  apparent  magnitudes. 
While  we  have  made  no  direct  comparisons  of  the 
parallaxes  of  the  Fo  to  K  giants,  nor  of  the  Pec.  and 
S-type    stars    for    which    no    spectroscopic    or    trigo- 


Table    VI 

COMPARISON  OF  INDIVIDUAL 
PARALLAXES 

if  m  H  S  T  A 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 


31 
259 
582 
691 
1014 
1128 
1154 
1468 
1549 
1501 
1599 
1604 
C824 
1868 
2019 
2378 
2800 
2921 
3031 
3089 
3367 
3581 
4054 
4135 
4188 
4193 
4976 
5052 
5409 
5593 
5940 
5952 
6127 

161 

217 

660 

698 

1256 

1846 

2020 

2245 

3398 

3861 

4262 

4343 


4.9 
2.4 
5.0 
2.8 
6.3 
5.8 
5.7 
0.9 
6.3 
3.7 
5.2 
3.2 
6.9 
5.9 
5.3 
6.3 
5.7 
6.2 
4.1 
4.2 
3.7 
6.0 
5.3 
3.0 
5.4 
1.2 
4.6 
3.8 
6.0 
4.0 
2.6 
4.7 
5.2 

5.6 
6.3 
5.9 
3.7 
5.9 
5.7 
•5.8 
5.8 
5.9 
6.0 
5.8 
6.8 


Mn 
'.012 
.038 
.009 
.032 
.006 
.008 
.008 
.076 
.006 
.021 
.010 
.026 
.005 
.008 
.010 
.006 
.008 
.007 
.017 
.017 
.021 
.007 
.009 
.029 
.010 
.066 
.014 
.020 
.007 
.018 
.035 
.013 
.010 
Mb 
.009 
.006 
.008 
.021 
.008 
.008 
.008 
.008 
.008 
.007 
.008 
.005 


".010 
.042 
.009 
.026 
.008 
.009 
.009 
.012 
.008 
.014 
.009 
.016 
.005 
.006 
.010 
.008 
.012 
.009 
.017 
.016 
.021 
.009 
.011 
.029 
.007 
.017 
.013 
.019 
.007 
.014 
.030 
.013 
.011 

.009 
.009 
.006 
.013 

.008 
.006 
.008 
.007 
.007 
.010 
.005 


.017 
.051 
.015 
.014 
.001 
.001 
.009 
.022 
.003 
.013 
.005 
.020 
.008 
.008 
.018 
.000 
.005 
.051 
.024 
.010 
.016 
.012 
.033 
.044 
.016 
.029 
.010 
.006 
.009 
.012 
.025 
.001 
.016 

.014 
.001 
.011 
.033 
.007 
.002 
.006 
.029 
.043 
.005 
.022 
.009 


A 

A,  Mc 

Ma 

A,  Mc 

Ma 

Mc 

Ma 

A,  Mc,  Y 

Ma 

A,  Mc 

Mc 

A,  Ma,  Mc 

A,  J 

Ma 

S 

Ma,  Mc 

Ma 

Ma,  Mc 

A,  Mc 

A 

A,  Mc 

Ma 

Ma 

Mc 

Mc 

Mc 

A,  Mc 

A,  Mc 

Ma 

A 

A,  Mc,  Y 

A 

A 

Ma 

Ma 

Ma 

Mc 

Ma 

Ma,  Mc 

Ma 

Ma 

Ma 

Ma 

Ma 

Ma 
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* 

m 

H 

S 

T 

A 

46 

2915 

6.0 

.007 

.005 

-.004 

Ma 

47 

3100 

5.4 

.009 

.009 

48 

4125 

6.0 

.007 

.006 

49 

4630 

6.4 

.006 

.007 

50 

5125 

5.6 

.008 
Md 

.010 

ol 

\\'  5 

6.7 

.005 

.029 

Mn 

52 

530 

2.5 

.032 

.065 

Mc 

53 

\\'  la 

6.5 

.005 

.007 

Ma 

54 

W   84 

6.0 

.006 

.001 

Ma 

55 

W120 

6.4 

.005 

.012 

Ma 

56 

W41a 

6.1 

.006 

-.008 

Ma 

57 

\V163 

6.5 

.005 
A^fl. 

.002 

Ma 

58 

1676 

5.9 

.003 
Nh 

.005 

Ma 

59 

3322 

5.5 

.003 

.000 

Ma 

In  ooluiiin  2  the  numbers  unaccompanied  by  a  letter  designate  the 
number  of  the  star  in  Boss'  Preliminary  General  Catalogue;  C  refers 
to  Publications  of  the  Cincinnali  Observqlory ,  No.  IS;  and  W  refers 
to  the  wTiters  list  of  proper-motions  in  Astronomical  Journal,  No.  814, 
the  added  letter  designating  the  second  list. 

The  authorities  quoted  in  the  last  column  are:  A,  Allegheny; 
J,  Jost;  Ma,  van  M.^anen;  Mc,  McCormick;  S,  Swarthmore; 
and  Y,  Yebkes. 

^Yhc^e  there  is  more  than  one  determination  of  the  trigonoiiietrie 
piu-allax,  the  separate  values  are  given  below  in  tlie  order  in  wliicli 
the  authorities  are  quoted  above. 


2 

".040, 

".062 

18 

".080, 

".022 

4 

.006, 

.021 

19 

.030, 

.017 

8 

.020, 

.017, 

".030 

21 

.020, 

.012 

10 

.023, 

.003 

27 

.021, 

-.001 

12 

.037, 

.009, 

.015 

28 

-  .005, 

.017 

13 

.012, 

-.004 

31 

.025, 

-.001, 

'.0.50 

16 

.001, 

-.001 

39 

.010, 

-.007 

nomctric  parallaxes  are  available,  the  assumption  of 
equal  luminosity  amongst  these  stars  does  not  seem 
unreasonable.  The  wide  range  in  mean  luminosity  in 
the  R  and  N  groups,  however,  makes  any  similar 
assumption  with  regard  to  them  extremely  hazardous. 
The  close  agreement  of  the  computed  values  with  the 
parallaxes    measured    bj'    van    Maanen    was    to    be 


expected  as  the  parallaxes  of  all  these  stars  must  be 
extremely  small. 

Conclusions 

1.  Proper-motions  are  presented  for  80  variable 
stars  not  included  in  earlier  lists. 

2.  With  reference  to  the  long-period  variable  stars, 
exclusive  of  Class  A'',  the  Sun  is  moving  towards  the 
point  at  R.  A.  275°.5;  Dec,  +31°.?,  with  a  speed  of 
1".74  per  century. 

3.  The  dependence  of  the  reduced  proper  and 
peculiar  motions  upon  the  errors  in  their  determinations 
may  be  eliminated  in  large  part  by  the  use  of  the 
logarithmic  mean. 

4.  The  mean  parallactic  motions  of  the  long-period 
variables  of  Classes  "FS  to  S,  inclusive,  are  essentially 
equal,  a  rapid  decrease  being  evidenced  in  Classes  R 
and  A". 

5.  The  absolute  magnitudes  of  the  variables  of 
Classes  F5  to  S  are  also  essentially  equal,  while  the  stars 
of  Classes  R  and  N  are  definitely  more  luminous, 
maximum  mean  brightness  being  reached  by  the  stars 
classified  as  Np. 

6.  Upon  the  assumption  of  equal  luminosity  among 
the  stars  of  small  proper-motion  in  the  Classes  F5  to  S, 
the  distances  of  the  individual  stars  may  be  computed 
with  a  fair  degree  of  certainty.  The  wide  range  in 
mean  luminosity  in  Classes  R  and  N  makes  any 
estimation  of  the  distances  of  the  individual  stars 
upon  the  assumption  of  equal  luminosity  within  the 
class-division  decidedly  uncertain. 
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THE   PROPER-MOTION   OF  BARNARD'S   STAR   IN   OPHIUCHUS, 

DETERMINED    BY   PHOTOGKAPHY   WITH    THE    ■26-INCH    MCCORMICK    REFRACTOR, 

By  HAROLD  L.  ALDEN. 


ScHLEsiNGER  has  showii  in  the  Afitronomical  Journal 
30,  75,  1916  that  the  rapidly  moving  star  in  Ophinclms 
discovered  by  Barnard  in  1916  is  one  of  the  few  stars 
for  which  the  secular  change  in  the  proper-motion  is 
sufficiently  large  that  it  may  be  detected  within  a  short 
interval  of  time.  Using  provisional  values  of  the 
I)arallax,  proper-motion,  and  radial  velocity,  he  com- 
puted an  increase  of  0".0005  per  year  in  the  total  jn-oper- 
motion. 

In  the  Publications  of  the  Astronomical  Society  of 
the  Pacific  34,  126,  1922,  Lundmark  and  Luyten  give 
the  results  of  a  discussion  of  all  the  published  data  for 
this  star.  Thej^  find  for  the  position  of  the  star  referred 
to  the  equator  and  equinox  of  1900.0:  — 


Right  Ascension   17''  52"'  56^767 
±  .0024 


■0\0467/ 
:     .00014 


Declination 


4-4°  25'    8".56     -|-10".250<    -0".00070i' 
±      .084    ±        .0088   ±      .00022 


The  probable  error  of  each  of  the  quantities  is  given 
beneath  it. 

No  secular  term  in  right  ascension  was  computed. 
The  coefficient  of  the  quadratic  term  in  declination  is 
three  times  its  probable  error.  It  is  however,  of  the 
opposite  sign  to  that  predicted  by  Schlesinger.  The 
negative  sign  can  be  accounted  for  only  by  a  positive 
radial  vclocitj^  or  by  errors  of  observation.  The  latter 
seems  the  more  logical  explanation  since  the  large  veloc- 
ities of  approach  obtained  for  this  star  at  the  Lick 
and  jNIount  AVilson  Observatories  are  in  substantial 
agreement.  In  fact,  Lundmark  and  Luyten  point 
out  the  dependence  of  this  term  on  the  earl.y  meridian 
circle  observation  of  Lamont  in  1842,  which  might  be 
affected  by  sufficient  error  to  account  for  the  secular 
term. 

Photographs     of    this    star    were     taken    with  the 


McCoRMiCK  refractor  soon  after  its  discovery.  Enough 
time  has  now  elapsed  so  that  duplicate  plates  provide 
a  good  determination  of  the  average  proper-motion 
of  the  star  in  the  interval.  Three  pairs  of  plates  have 
been  measured,  each  plate  containing  two  twelve 
minute  exposures.  Data  concerning  these  plates  is 
given  in  Table  I.  The  plates  were  measured  on  the 
GARTNER  screw  machine  in  both  direct  and  reverse 
positions  for  each  coordinate.  They  were  oriented  by 
means  of  a  trail  on  plate  2729.  As  the  correction  to 
the  1900  equator  is  less  than  one-tenth  of  a  degree  it 
has  been  neglected.  It  will  have  no  effect  on  the  total 
motion.  One  millimeter  on  the  plates  is  equal  to 
20".760. 

TABLE    I 


Plate 

Date 

G.M.T.  of 

mid- 
exposure 

Hour 
angle 

Observer 

Quality 

h       m 

h 

2729 

1916  June    18 

17   46 

+  0A 

Mitchell 

fg 

3860 

1917  April    7 

21   41 

-0.4 

Lamb 

g 

3861 

1917  April     7 

22     5 

0.0 

Lamb 

fs 

14103 

1923  April     6 

21   19 

-0.9 

Alden 

g 

14104 

1923  April    6 

21  43 

-0.5 

Alden 

g 

145.55 

1923  June    18 

17  47 

+  0A 

Alden 

g 

Twenty  comparison  stars  were  used  for  the  deter- 
mination of  the  plate  constants.  These  were  well 
distributed  over  the  plates  and  ranged  in  brightness 
from  7.0  to  11.3,  the  mean  photovisual  magnitude 
being  10.0.  The  photovisual  magnitude  of  the  proper- 
motion  star  determined  from  three  plates  is  9.3.  None 
of  the  comparison  stars  showed  conspicuous  relative 
motion,  the  mean  residuals  in  right  ascension  being 
±0".014  and  in  declination  ±0".013.  The  relative 
motion  of  B.D.  -f-4°  3560  is  -(-0".002  in  right  ascension 
and   —  0".013  in  declination.     This  star  was  used  by 
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B.\HN.\Ri)  for  inicrometor  observations  of  ihv  pro[)(>r- 
iiiotion  star  and  is  designated  as  'a'  by  liim  in  tlie 
Aslronomical  Jownnl  29,  181,  1916. 

The  relative  proper-motion  of  Barnard's  star  as 
derived  from  the  separate  pairs  of  plates  is  given  in 
Table  II.  Corrections  have  been  applied  to  the  first 
two  pairs  of  plates  for  difTerentiai  iiarallax. 

TABLE    II 


Plates 

Interval 
Years 

Mean 
Date 

Relative  Proper-motion  | 

R.A. 

Decl. 

14103-3860 
14104-3861 
14555-2729 

5.9957 
5.9957 
6.9978 

1920.265 
1920.265 
1919.963 

-0.6987 
-0.7076 
-0.7022 

+  10.2648 
+  10.2479 
+  10.2586 

Weighted  mean 
Probable  error 

1920.154 

-0.7029  j  +10.2572 
±0.0017     ±  0.0032 

Assuming  that  the  .solar  apex  referred  to  stars  of 
the  tenth  magnitude  is  at  R.  A.  18''  0"'  and  Decl.  +30° 
and  that  the  mean  secular  jiarallax  of  the  comparison 
stars  is  0".O135,  the  parallactic  motion  of  tlie  compar- 


ison stars  is  —  0".0004  in  right  ascension  and  —  0".0058 
in  declination.  These  quantities  must  be  added  to 
the  relative  motion  to  give  the  absolute  motion.  The 
resulting  values  for  the  absolute  proper-motion  of 
Barnard's  star  at  the  mean  epoch  1920.154,  referred 
to  the  equator  of  1916.5,  are 


Ma  cos  5  =   -0".7033 
fia  =   -0»  .04703 


/i5  =  +10".2514 


The    total    motion    is    10". 276    in    the    position    angle 
356°.07. 

The  total  proper-motion  for  1900  obtained  by 
Lundmark  and  Luyten  is  10". 274  per  year.  Assuming 
this  to  be  the  best  value  at  that  date,  the  motion 
derived  above  for  1920  suggests  a  secular  change  in 
the  proper-motion  of  +0".0001  per  year.  The  probable 
errors  of  the  quantities  arc  such  that  little  significance 
can  be  attached  to  this  result,  but  it  argues  against  the 
reality  of  the  negative  term  found  by  Lundmark  and 
Luyten. 

McCormick  Oliscn'utory,  University  of  Virginia, 
November,  1923. 


()BSER\ATIONS   OF  ASTEROIDS  AT  THE  YERKES   OBSERVATORY, 

By    G.    van    BIESBROECK   and   O.   STRUVE. 

(Second  Series.) 


The  work  on  faint  asteroids  started  with  the  24-inch 
reflector  in  1922  has  been  continued  along  the  line  de- 
scribed in  A.  J.  822.  As  far  as  the  weatiier  has  per- 
mitted we  have  made  exposures  for  all  oi)jects  fainter 
than  13"". 8  that  require  further  observations  as  indi- 
cated in  the  "Oppositions  Ephemeriden  1923".  No 
special  search  was  made  for  new  objects.  We  followed 
only  those  that  happened  to  be  found  on  the  regular 
exposures.      The    measures    arc    again    (ii\i(i('(l    in    two 


parts:  the  first  refers  to  known  objects;  approximate 
positions  for  1925.0  and  the  corresponding  corrections 
to  the  ephemerides  for  1923  will  be  found  for  each 
object.  A  list  of  those  that  could  not  be  found  in  the 
computed  position  is  appended.  As  previou.sly  stated 
the  field  covers  a  radius  of  about  50'.  The  second  part 
contains  accurate  measures  of  the  new  asteroids  an- 
nounced in  A.  J.  822  and  of  some  additional  ones  found 
this  3'ear. 


1923 


KNOWN    ASTEROIDS 
1925.0 


Corr. 


106  Dione 

.luiic 

4.763 

16     3  40 

-21      6.9 

11.8 

VB 

+  0.6    -    2 

.lune 

S.714 

16     0  33 

-21      1.6 

11.6 

VB 

+  0.6    -    2 

June 

11.672 

15  58  21 

-20  58.2 

11.6 

VB 

+  0.5    -    2 

228  Agalhe 

Jan. 

18.752 

8    12  35 

+  20  57.9 

15.7 

S 

+  1.9    -    9 

Jan. 

20.758 

8   10   12 

+  21     2.5 

15.8 

s 

+  1.9    -    9 

Jan. 

24.795 

8     5  17 

+  21   13.4 

s 

+  1.7    -10 

383  Jarnna 

May 

6.751 

13  49     4 

-   7  55.3 

15.4 

s 

-1.8  +  8 

May 

7.738 

13  48  25 

-   7  49,1 

15.3 

VB 

-1.8  +10 
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1923 


KNOWN    ASTEROIDS    {Continued) 
1025.0 


Corr. 


406  Ernn 

Mar. 

16.780 

11 

19 

43 

+   0 

37.8 

15.4 

VB 

-0.9  +  7 

540  Roanmuntle 

Apr. 

8.685 

11 

13 

41 

+    1 

18.7 

13.1 

s 

-0.1   +  4 

614  Pia 

July 

16.786 

20 

56 

37 

-   6 

7.7 

14.8 

VB 

-1.3   -   4 

July 

17.772 

20 

55 

54 

-   6 

9.1 

14.7 

VB 

-1.3    -   4 

620  Drakonin 

Feb. 

22.797 

9 

-  7 

4 

+  24  33.5 

15.1 

VB 

-2.4  +  8 

Feb. 

24.873 

9 

5 

8 

+  24  34.8 

15.0 

s 

-2.5  +  8 

664  Judith 

Jan. 

18.683 

7 

6 

33 

+  12 

1.9 

15.2 

s 

-0.2         0 

Jan. 

20.736 

7 

5 

0 

+  12 

7.6 

15.6 

s 

-0.2         0 

666  Desdemona 

Apr. 

8.751 

11 

34 

15 

-    3 

41.0 

15.9 

s 

-0.6   +   4 

778  (1914  UA) 

Aug. 

14.814 

21 

51 

0 

-13 

6.7 

14.3 

VB 

+  0.7   +   9 

Aug. 

16.761 

21 

49 

28 

-13 

9.7 

14.0 

s 

+  0.8   +   9 

Aug. 

18.801 

21 

47 

42 

-13 

12.4 

14.2 

VB 

+  0.8   +10 

814   Tintris 

May 

4.617 

13 

3 

54 

+  21 

35.5 

14.4 

VB 

0.0         0 

May 

7.758 

13 

2 

8 

+  21 

30.0 

14.6 

VB 

-1.0         0 

867  Kovacia 

May 

12.714 

13 

46 

19 

-   9 

0.6 

15.8 

S 

-0.6   +   3 

May 

13.672 

13 

45 

43 

-   8 

59.0 

16.0 

s 

-0.6   +   4 

901   Bnnisin 

Jan. 

12.910 

7 

23 

50 

+  19 

37.5 

15.0 

VB 

+  2.2   -  8 

Jan. 

15.778 

7 

20 

28 

+  19  41.2 

14.7 

VB 

+  2.1    -   8 

Jan. 

18.710 

7 

17 

5 

+  19 

44.8 

15.1 

s 

+2.1    -   8 

Jan. 

22.813 

7 

12 

34 

+  19  49.7 

14.6 

VB 

+  2.0  -   7 

915  (1918  1)) 

Apr. 

13.745 

12 

39 

55 

—    5 

31.8 

14.6 

VB 

-0.4  +   1 

Apr. 

18.696 

12 

35 

20 

—   5 

12.8 

14.8 

VB 

-0.3   +  2 

934  (1920  HK) 

Apr. 

11.730 

12 

17 

37 

-18 

22.3 

14.8 

VB 

0.0  +    1 

943   (1920  HX) 

May 

12.835 

16 

10 

50 

-   0 

37.4 

14.5 

S 

-0.1         0 

May 

13.815 

16 

10 

4 

-   6 

36.0 

14.9 

s 

0.0         0 

956  (1921   IW) 

Jan. 

20.795 

8 

7 

51 

+  11 

13.5 

16.0 

s 

-0.9  +  3 

Jan. 

22.844 

8 

5 

41 

+  11 

21.6 

16.1 

VB 

-0.9  +  3 

959  (1921  KF) 

Jan. 

24.848 

8 

16 

53 

+  25 

41.7 

14.2 

s 

+  2.7   -   3 

972  (1922  LK) 

Apr. 

8.651 

10 

45 

34 

-    2 

32.5 

15.4 

s 

+  1.4  +25 

Apr. 

11.681 

10 

44 

26 

-    2 

18.3 

15.3 

VB 

+  1.5  +28 

MISSING   ASTEROIDS 


No.  Date  No.  Date 

157  June     8  646  Mar.    4 

299  May     9  692  June     4 

421  May   12  721  June     8 

430  Apr.    13  748  June  20 

502  Aug.   14  822  May  13 

525  Apr.      8  870  Jan.    18 

553  July    16  878  Aug.     6 

555  Apr.    18  883  May     5 

561  July     8  935  July    16 

603  May  21  936  Mar.  13 

641  July      8  941  May  13 

643  May     5  942  Apr.    18 


No.  Date 

946  July  13 

960  Mar.  16 

961  Jan.  18 

962  Jan.  18 

963  Apr.  18 

964  Feb.  22 
967  Apr.  8 

969  Apr.  8 

970  Apr.  11 


NEW   ASTEROIDS 
1922  NB  (Y.  O.   1.) 


1922 

Oct.  25.75764 
Nov.  16.65451 
Dec.   9.54861 

1923 
Feb.   15.55226 
Feb.   15.58142 


1922.0 

h    m   8  o    /    IT       M 

2  0  38.98  +10  30  16.5  15.0 
1  44  48.95     9  19  35.8  15.1 

1  36  57.40     8  55  5.2  16.2 

1923.0 

2  13  42.16    13  1  42.7  16.6 
2  13  43.83  +13  1  50.9 


1922  NC  (Y.  0.  2.) 
1922  1922.0 

Nov.  14.80486   1  46  41.76  +  9  39  6.7  15.7 

Nov.  16.65451   1  45  28.63     9  42  21.4  16.0 

Nov.  20.70417   1  43  9.46     9  50  38.0  15.7 

Nov.  22.74792   1  42  10.15  +  9  55  32.6  16.0 
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H)22  XD  (Y. 

0.  3.) 

S 

1923 

NJ  (Y.  0 

7.) 

VB 

1922 

1922.0 

1923 

h 

1923.0 

-M 

Nov. 

20.1)8820 

l"42"   9*57 

+   9  45  41.3 

15.9 

.Ian. 

12.91042 

7 

21     5.81 

+  19 

29 

58.9 

1  1.8 

Nov. 

20.70417 

1  42     9.10 

9  45  36.0 

Jan. 

15.79421 

7 

18  24.96 

19 

35 

58.2 

14.5 

Dec. 

15.61180 

1  35  47.52 

8   14  21.6 

16.1 

Feb. 

4.67778 

7 

2  40.72 

20 

14 

0.2 

14.2 

Dec. 

20.6ti771 

1   36     2.46 

8     (i  37.3 

Feb. 

15.74045 

6 

57  33.46 

20 

30 

26.3 

14.2 

1923 

1923.0 

Apr. 

8.60333 

7 

15  54.54 

+  20  44 

29.6 

1.5.7 

Fob. 

3.54255 

1   58  32.79 

9    11   41.5 

16.4 

Fel). 

4.56944 

1   59  24.57 

+   9   15  21.1 

16.4 

1923 

NK  (Y.  0 

8.) 

s 

1923 

1923.0 

For  elomentt'  sec  Lick  Observatory  BulUlin,  \o.  347. 

Jan. 

20.757.52 

8 

9  17.89 

+  20 

16 

39.5 

13.9 

Jan. 

24.79479 

8 

5  37.39 

20 

19 

20.6 

13.8 

1922 

1922  NE  (Y. 

1  oo 

0.  4.) 

VB 

Feb. 

20.61019 

7 

45     7.36 

20 

23 

36.2 

14.1 

\\)l^.\} 

Mar. 

7.70613 

7 

39  12.44 

20 

13 

38.2 

13.6 

Nov 

23.83642 

4  30  56.94 

+  36  28  49.3 

16.0 

Mar. 

20.71788 

7 

38     .5.55 

19 

58 

36.9 

Nov 

24.76890 

4  29  .54.11 

36  30  52.7 

1.5.8 

Apr. 
Apr. 

17.68817 

7 

47      1.61 

19 

6 

31.7 

Nov 

28.86667 

4  25   18.42 

36  38   17.2 

15.8 

18.611()9 

7 

47  32.59 

+  19 

4 

16.4 

13.9 

Dec. 

1.91)286 

4  21   48.77 

36  41   56.2 

15.9 

Dec. 

9.627()4 

4    13  21.88 

36  44  3.5.1 

16.0 

(Y.   0.   9.) 

VB 

Dec. 

15.80139 

4     7     0.17 

36  39  .50.1 

16.4 

Dec. 

22.73796 

4     U  45.42 

+  36  30  33.1 

1 5.8 

1923 

1923.0 

J  line 

4.77.593 

16 

3  49.01 

-21 

13 

49.0 

15.4 

1922  MZ  (Y.  0.  5.) 

\B 

June 

7.77685 

16 

1   .33.20 

21 

8 

28.3 

1.5.3 

1922 

1922.0 

June 

8.71394 

16 

0  51.35 

21 

6 

41.8 

15.2 

Nov 

23.82170 

4  37     6.85 

+  36  37  46.9 

15.2 

June 

12.74835 

15 

57  57.86 

20 

59 

15.7 

15.4 

Nov 

23.83342 

4  37     5.86 

36  37  49.8 

June 

15.74115 

15 

55  51.54 

20 

52 

42.3 

15.5 

Nov 

24.76890 

4  36     0.20 

36  37  47.2 

15.3 

June 

19.73668 

15 

53  21.62 

20 

45 

43.0 

Dec. 

15.82569 

4    12   10.93 

35  48  27.4 

1.5.0 

July 

6.66530 

15 

46     3.26 

20 

24 

26.5 

15.3 

Dec. 

15.84028 

4    12   10.20 

35  48  26.0 

July 

12.605.52 

15 

44  55.98 

20 

20 

58.4 

15.3 

Dec. 

22.68657 

4     6   16.33 

.35   17  26.4 

15.1 

July 

16.63021 

15 

44  36.94 

20 

20 

0.2 

15.2 

Dec. 

22.70735 

4     6   15.58 

+  35   17  20.3 

July 

17.67164 

15 

44  35.35 

20 

19 

57.0 

15.3 

1923 

Aug. 

2.62314 

15 

47     7.63 

-20 

28 

2.1 

15.3 

Mar 

10.56583 

4  42   12..57 

31    1()  21.0 

The   motion   corrcb 

pond 

s  to  that  of 

(300) 

Geraldina, 

but  the 

Miir 

10.59535 

4  42   14.90 

31    Hi    17.0 

10.7 

identity 

seems   doubtful  on  account  ol 

the   brigl 

tnc.^s, 

which   is 

Preliminary  orbit,  Li 

'k  Observalori/  HuUelin,  No.  347. 

3      faint 

cr. 

(Y.  ().    10.) 

VB 

1922  MY  (Y. 

0.   6.) 

VB 

1  OO'J 

192." 

.0 

1922 

192 

2.0 

1 

" 

\U" 

14.814 

21    ."il      7 

-12 

46 

.0 

15.8 

Nov 

24.78348 

4  32  26.18 

+  37     ()  31.6 

.  HI}-,. 

Aug. 

16.761 

21  49     .i 

—  12 

50.8 

15.5 

Nov 

28.86667 

4  27  21.68 

37     0     6.3 

16.2 

Dec. 

1.96286 

4  23  29.04 

36  52     8.4 

16.2 

Aug. 

18.801 

2 

I   46  51 

12 

55 

.8 

15.7 

Dec. 

9.62764 

4   14    11.75 

36  22   14.9 

10.0 

Aug. 

21.824 

2 

43  39 

-  13 

;{ 

.0 

15.7 

Dec. 

15.80139 

4     7  29.65 

35  49     9.6 

1 6. 1 

Williamsi 

Bay  (Wisconsin), 

Dec. 

22.70735 

4     1  22.71 

+  35     5  46.7 

1().2 

Axig.  si 

7,  192S. 

MINOR  PLANET   1922  AT;, 

SPECIAL    PERTURBATIONS    ARISING    PROM    THE    ACTION    OF   Jupittr, 

By  C.  J.  MERFIELD,  F.  R.  A.  S. 


In  the  determination  of  the  perturbations,  here  presen- 
ted, the  method  of  varialion  of  pariiwci.erfi  has  been  used. 


Only  Ihc  perturbations  depending  on  the  first   jiowers 
of  liie  disturbing  forces  liaNc  been  t;d<('n  into  account. 
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The  orbit  elements,  adopted  as  a  basis  of  the  work, 
are  published  in  the  Lick  Observatory  Bulletin,  No.  347, 
and  were  calculated  by  C.  D.  Shane  and  Mary  Lea 
Shane.  An  examination  of  the  residuals  indicates 
that  these  orbit  elements  are  good  ones,  and  in  everj^ 
way  suitable  for  the  requirements  of  this  calculation. 

Throughout  the  work  the  equinox  1922  has  been 
used  for  the  preparation  of  the  data  necessary,  and  the 
epoch  1922,  December  21,  selected  as  the  date  of  the 
adopted  osculating  orbit  elements. 


Osculating  Orbit  Elements 
Epoch  1922  Dec.  21.0  G.M.N. 


M  =  213''  46'  12" 

.0 

TT  =192  19  47 

.0 

fi  =213  10  48 

.0 

t  =  10  47  8 

.0 

(p   =     4  55  54 

.7 

M  =672".7070 

Log  a  =  0.481453 

7 

1922 


PERTURBATIONS 


Minor  Planet  1922 

ND 

Equinox  1922 

Julian  Day 

8M 

Stt 

8^ 

5i 

5<p 

5m 

242  3410 

+   0.0 

0.0 

+ 

0.0 

+ 

0.0 

-   0.0 

-0.0000 

3442 

12.9 

-   22.9 

0.1 

0.1 

-10.0 

-0.0416 

3474 

35.1 

-  54.3 

0.1 

0.1 

-19.6 

-0.0827 

3506 

66.2 

-   96.7 

+ 

0.1 

0.1 

-28.8 

-0.1231 

3538 

105.4 

-  148.2 

- 

0.1 

+ 

0.0 

-37.4 

-0.1630 

3570 

151.9 

-  208.0 

- 

0.4 

- 

0.1 

-45.3 

-0.2022 

3602 

204.4 

-  274.8 

- 

0.8 

- 

0.2 

-52.4 

-0.2405 

3634 

261.9 

-  347.3 

- 

1.5 

- 

0.3 

-58.7 

-0.2778 

3666 

322.6 

-  424.0 

- 

2.3 

- 

0.5 

-64.1 

-0.3140 

3698 

385.1 

-  503.2 

- 

3.4 

- 

0.6 

-68.4 

-0.3488 

3730 

447.7 

-  583.0 

- 

4.7 

- 

0.7 

-71.9 

-0.3822 

3762 

508.6 

-  661.6 

- 

6.2 

- 

0.9 

-74.4 

-0.4139 

3794 

565.9 

-  736.9 

- 

7.9 

- 

1.0 

-76.0 

-0.4439 

3826 

617.9 

-  807.2 

- 

9.8 

- 

1.0 

-76.6 

-0.4719 

3858 

663.0 

-  870.8 

- 

11.8 

- 

1.1 

-76.3 

-0.4976 

3890 

699.9 

-  925.7 

- 

13.9 

- 

1.1 

-75.4 

-0.5209 

3922 

727.2 

-  971.1 

- 

16.1 

- 

1.0 

-73.9 

-0.5416 

3954 

743.3 

-1005.4 

- 

18.3 

- 

0.9 

-72.0 

-0.5595 

3986 

748.5 

-1028.5 

- 

20.4 

- 

0.8 

-69.9 

-0.5744 

4018 

742.3 

-1039.8 

- 

22.4 

- 

0.6 

-67.8 

-0.5864 

4050 

725.8 

-1040.3 

- 

24.2 

- 

0.4 

-65.9 

-0.5956 

4082 

699.3 

-1030.2 

- 

25.7 

- 

0.1 

-64.3 

-0.6014 

4114 

664.7 

-1011.3 

— 

27.0 

+ 

0.2 

-63.0 

-0.0050 

4146 

623.0 

-  984.7 

- 

27.9 

0.4 

-62.9 

-0.6058 

4178 

576.8 

-  952.3 

- 

28.6 

0.6 

-63.2 

-0.6052 

4210 

529.3 

-  915.8 

- 

28.9 

0.8 

-63.4 

-0.0032 

4242 

478.9 

-  875.8 

— 

29.1 

0.9 

-63.9 

-  0.6020 

4274 

425.1 

-  833.8 

— 

29.0 

0.9 

-04.7 

-0.6017 

4306 

366.8 

-  787.6 

— 

29.1 

0.7 

-65.4 

-0.6045 

4338 

304.6 

-  737.1 

- 

29.3 

+ 

0.3 

-65.7 

-0.6126 

4370 

231.8 

-  676.5 

- 

30.2 

- 

0.2 

-65.3 

-0.6286 

4402 

144.8 

-  602.5 

- 

31.9 

- 

1.0 

-63.8 

-0.0.547 

4434 

+  32.2 

-  504.4 

- 

35.0 

- 

2.1 

-61.1 

-0.69.52 

4460 

-  114.3 

-  374.6 

- 

40.1 

- 

3.4 

-  56.8 

-0.7528 

4498 

-  311.8 

-  197.2 

- 

47.8 

- 

5.1 

.   -51.1 

-0.8339 
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Julian  Day 

&M 

Sir 

SQ 

hi 

htp 

3m 

242  4530 

— 

574.0 

+ 

40.G 

-   58.8 

-   6.9 

-43.9 

-0.9425 

4.-)G2 

- 

924.0 

359.9 

-   74.1 

-   8.9 

-36.2 

-  1.0858 

4594 

- 

1381.3 

779.0 

-   94.6 

-11.1 

-28.2 

-1.2702 

462G 

- 

1972.() 

1322.0 

-121.4 

-  13.2 

-21.9 

-1.5048 

4G58 

- 

2723.2 

2012.0 

-155.6 

-15.1 

-18.3 

-1.7977 

4G90 

- 

3()58.0 

2870.7 

-198.2 

-16.7 

-20.6 

-2.1597 

4722 

- 

4S03.1 

3921.0 

-250.4 

-17.6 

-31.1 

-2.6020 

4754 

- 

()  179.9 

5181.6 

-312.4 

-17.4 

-53.8 

-3.1320 

242  4786 

- 

7828.1 

+f;()S7.o 

-38 

5.2 

-16.0 

-92.4 

-3.7666 

EPHEMERIS 

C 

rcenwic'h  Midnight 

Date 

a  aj)]). 

5  app. 

Log  A 

Log  r 

1923  Dec. 

11.5 

h 

7 

3o'"31.33 

7 

30  58.8 

0.33428 

0.47808 

13.5 

7 

29 

25.11 

7 

25  12.7 

0.33096 

0.47784 

15.5 

7 

28 

14.17 

7 

19  54.5 

0.32782 

0.47759 

17.5 

7 

26 

58.79 

7 

15     4.2 

0.32485 

0.47734 

19.5 

7 

25  39.22 

7 

10  42.7 

0.32207 

0.47710 

— 

21.5 

7 

24 

15.71 

7 

6  50.9 

0.31949 

0.47685 

23.5 

7 

22  48.58 

7 

3  29.2 

0.31710 

0.47661 

25.5 

7 

21 

18.12 

7 

0  38.0 

0.31492 

0.47636 

27.5 

7 

19 

44.70 

6 

58  17.9 

0.31296 

0.47612 

29.5 

7 

18 

8.65 

6 

56  29.4 

0.31122 

0.47587 

31.5 

7 

16 

30.37 

6 

55  12.9 

0.30972 

0.47562 

1924  Jan. 

2.5 

7 

14 

50.22 

6 

54  28.3 

0.30845 

0.47538 

4.5 

7 

13 

8.69 

6 

54  17.4 

0.30743 

0.47513 

6.5 

7 

11 

26.24 

6 

54  3G.6 

0.30665 

0.17489 

S 

8.5 

7 

9 

43.38 

G 

55  26.7 

0.30612 

0.47464 

10.5 

7 

8 

0.50 

6 

56  47.8 

0.30584 

0.47440 

12.5 

G 

18.10 

6 

58  38.8 

0.30.581 

0.47415 

14.5 

7 

4 

36.69 

6 

59  59.1 

0.30603 

0.47390 

16.5 

7 

2 

.56.67 

7 

3  47.6 

0.30649 

0.47366 

18.5 

7 

1 

18.46 

7 

7     3.7 

0.30720 

0.47341 

20.5 

6 

59 

42.47 

7 

10  46.0 

0.30814 

0.47317 

22.5 

6 

58 

9.15 

7 

14  53.4 

0.30931 

0.47292 

24.5 

6 

56 

38.82 

7 

19  24.7 

0.31071 

0.47268 

26.5 

6 

55 

11.84 

7 

24  18.4 

0.31234 

0.47233 

28.5 

6 

53 

48.54 

7 

29  33.5 

0.31417 

0.47219 

Osculating  Orbit  Element.s 


Equinox 

1924 

192.5 

1926 

Epoch 

1924  Jan.  90 

1925  April  170 

1926  July  2,r0 

M 

285  40  57.4 

12  21  20.0 

97  36     0.5 

IT 

192    9  10.6 

192    8    2.5 

193  28  28.9 

n 

213  12  23.9 

213  12  54.4 

213  10    5.0 

( 

10  47    6.3 

10  47    7.8 

10  46  48.9 

f> 

4  54  38.7 

4  54  50.4 

4  55  23.6 

M 

672".2631 

672".  1054 

670".  1050 

Log  n 

0   .4816449 

0   .4817127 

0   .4825758 

The  epochs  are  for  Greenwich  Mean  Noon  on  the 
dates  given.  These  are  al.so  the  dates  of  the  oscula- 
tion elements.  These  epochs  have  been  selected  at  or 
ubout  the  time  of  the  opposition  of  the  planet. 

The  oi)i)osition  of  the  year  1925  will  be  the  most 
favorable  one,  as  the  planet  arrives  at  perihelion  on 
February  8  of  this  year. 

Equatorial  Co-ordinates 
x  =  r  sin  a  sin  (.4  -|-  r). 
y  =  T  sin  h  sin  {B  -\-  v). 
z  =  r  sin  c  sin  {('  -\-  v). 
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Equinox 

Log  sin  a 
Log  sin  b 
Log  sin  c 
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Auxiliaries 
1924  1925 


9.9977073 
9.9863001 
9.4275903 

281  41  15.5 
190  10  52.0 
213  27  21.6 


9.9977061 
9.9862993 
9.4276155 


1926 

9.9977141 
9.9862997 
9.4275000 


281  41  3.8  283  0  33.0 
190  10  38.7  19130  17.5 
213  27  26.7       214  44  55.0 


Appendix 

When  preparing  an  ephemeris  of  a  celestial  object 
from  elliptical  orbit  elements,  the  general  procedure 
is  to  find  "E",  the  eccentric  anomaly,  from  the  well 
known  equation. 

M  =  £-esin  E  .. 1 

The    true    anomaly    anil    radius    vector    may    now    be 
found  from,  say 


\/r  sin  -   =  sin  —  -s/a  (1  +  e) 


\/r  cos  -  =  cos  —  y/a  (1  +  e) 


In  the  preparation  of  the  ephemeris  here  given,  the 
solution  of  (1)  and  (2)  arc  avoided  in  the  following 
manner. 

We  have 


/r'       dv       . 


l-e= 


1+e  cos  V 


therefore 


M  =  (l-c2)^ 


dv 


(1+c  cos  v)^ 


The  solution  of  this  integral   can  be  easily  obtained. 
After  reduction  and  transformation  we  have 


M=  sin" 


sin  V  Vl  —  e^ 
e(l/e  +  cos  v) 


-[5.3144251] 

a(l-e^) 


fin  V  Vl  —  e' 
(1/e  +  cos  v) 


e(l/e  +  cos  v) 


These  forms  have  been  selected  for  ease  in  computation. 

With  the  argument  "v,"  at  suitable  intervals,  taken 
between  the  limits  required,  prepare  a  table  of  "M," 
from  equation  (4),  then  the  values  of  the  true  anomaly 
can  be  readily  interpolated  for  the  arguments  required. 

If  the  value  of  "E"  be  required  for  any  purpose,  its 
value  may  be  determined  from  the  equation. 


sin  E 


sin  V  Vl— e- 
1  +  c  cos  V 


The  method  of  finding  the  true  anomaly  and  radius 
vector,  here  outlined,  will  be  found  expeditious  in 
practice. 

It  has  been  used  by  the  writer  in  this  connection  for 
some  time  past  with  much  success. 

The  Melbourne  Observatory,  South  Yarra,  Victoria, 
1923,  October  25. 


THE   SOLAR  ECLIPSE   OF  SEPTEMBER   10,   1923, 

oh8euved  at  the  u.  s.  naval  od15ekvatory,  washington,  d.  c, 
By  F.  B.  LITTELL. 
[Communicated  by  Rear  Admiral  W.  D.  MacDougall,  U.  S.  Navy,  Superintendent.) 


The  times  of  first  and  last  contacts  were  observed 
visually  with  four  equatorially  mounted  telescopes. 
Mr.  Bower  used  a  polarizing  eyepiece,  and  recorded 
his  times  on  a  chronograph.  The  other  visual  ob- 
servers used  diagonal  ej'cpieccs,  and  observed  by  the 
eye  and  ear  method. 

Time  of  first  contact  was  also  determined  photo- 
graphically from  4  plates  exposed  on  the  40-foot  photo- 
heliograph.  Trees  in  the  line  of  sight  prevented  the 
observation  of  the  last  contact  with  this  instrument. 


The  times  of  the  exposures  were  automaticaly  recorded 
on  a  chronograph. 

The  zenith  distance  of  the  sun  was  59°.2  for  first  and 
80°.3  for  last  contact.  The  predicted  times,  corrected 
in  accordance  with  the  data  in  A.  J.  No.  827,  were 
3''  41'"  3'.6  for  first,  and  5^  32"'  33'.0  for  last  contact. 

Mr.  C.  B.  Watts  assisted  in  the  photographic  ob- 
servations and  in  their  reduction.  Mr.  G.  M.  Rayn.s- 
ford  counted  time. 

The  following  are  the  results,  75th  meridian  time. 
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Observer 
J.  C.  Hammond 
G.  A.  Hill 
H.  E.  Burton 
E.  C.  Bower 

G.    H.    PliTERS 


,1.  ('.   Hammond 
G.  A.  Hill 

H.    E.    BlTRTON 

E.  C.  Bower 


First  Contact 

Instrument 

Time 

5-inch  Ecjualorial 

3'' 

41"'  5.- 

5-iiK-h  Equatorial 

41      S. 

5-inch  Equatorial 

41      3. 

12-inch  Equatorial 

4 1      5.  7 

Photohcliograph 

41      3.  !) 

Photoholiosraph 

40  54.  () 

Photohcliograph 

41     2.7 

Photolioliograpli 

40  5G.  9 

Last  Contact 

5-inch  Equatorial 

5'' 

32-  31." 

5-inch  Equatorial 

32     21. 

5-inch  E(iuatorial 

32     34. 

12-inch  Ecjuatorial 

32     31.  2 

Observer's  notes 
\  few  seconds  late. 

Seeing  good. 

Seeing  pour.      Late  8". 


Secinj;;  poor. 

Seeing  poor.     Perhaps  a  little  late. 
Seeing  poor.     Uncertain  3\ 


EPHEMERIS  OF   COMET   (DUBIAGO-BERNARD), 

By  FRANK  E.  SEAGRAVE. 


The  ephenieris  is  based  ujion  elements  copied  from 
a  recent  number  of  Natvre.  The  name  of  the  computer 
of  the  elements  was  not  given.  During  the  present 
month  and  during  January  the  comet  will  be  far  south 
in  declination.  It  will  be  nearest  to  the  Earth  in  April. 
The  ephemeris  is  correct  only  in  so  far  as  the  elements 
arc. 

Elements 

T  =  1923  Nov.  17.70  G.  M.  T. 

CO  =  254°  32'  0" 

TT  =  333     4  0 

«  =  227   36  0 

t  =    65   43  0 

log  q  =  9.89760 

Motion  =  retrograde 


Ephemeri; 


1924  Gch. 

Midnight 

a. 

8 

Log  r 

Log  A 

Feb.       1 

h     m      s 

17  28  56 

-34  32  58 

0.19424 

0.30432 

9 

17  27    4 

-32  39  17 

0.22362 

0.29706 

17 

17  23  25 

-30  41  43 

0.25102 

0.28656 

25 

17  17  40 

-28  36  40 

0.27668 

0.27357 

Mar.      4 

17    9  34 

-26  20  29 

0.30070 

0.25885 

12 

16  58  49 

-23  49  35 

0.32324 

0.24362 

20 

16  45  19 

-21     0  35 

0.34448 

0.22945 

28 

10  29  1 1 

-17  52  12 

0.36454 

0.21828 

Ai)r.       5 

16  10  42 

-14  26  31 

0.38348 

0.21213 

13 

15  50  56 

- 10  50  42 

0.40144 

0.21301 

Boston,  Mass 

Decembet  6 

,  19S3. 

ERRATA,   A.  J.   NO.   830, 

By  GEO.  VAN  BIESBROECK. 

Dr.  S.  Nicholson  calls  mj'  attention  to  a  mistake  in  the  position  of  Satellite  VHI  of  Jupiter  on  1923, 
June  16.     The  corrected  value  is: 

14V  29"°  40».90,  -14°  35'  43".  1         (1923.0) 

Ycrkes  Observatory, 

December  13,  1923.  
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A  COMPARISON   OF    THE  AVERAGE   VELOCITY  OF    BINARIES  WITH  THAT    OF 

SINGLE  STARS, 

By  ,I.  H.  OORT. 


It  has  recently  been  suggested  that  some  kind  of 
equipartition  of  energy  may  exist  in  our  stellar  system, 
the  earHer  type  stars  having  at  the  same  time  greater 
masses  and  lower  velocities  than  those  of  later  spec- 
trum.' Moreover,  the  existence  of  a  correlation 
between  mass  and  velocity  within  the  same  spectral- 
type  has  been  made  probable  l)y  the  fact  that  there 
seems  to  be  a  relation  between  absolute  magnitude  and 
average  velocity.  In  this  connection  it  seems  inter- 
esting to  inquire  whether  or  not  a  difference  in  velocity 
exists  between  double  stars  and  single  stars. 

It  is  possible  to  prove  that,  within  each  spectral- 
type,  the  visual  binaries  have  nearly  twice  the  mass 
of  single  stars.  Pannekoek^  has  shown  that  a  close 
correlation  exists  between  the  mass  and  the  ratio  of 
spectroscopic  parallax  to  trigonometric  parallax,  in 
the  sense  that  stars  with  large  masses  give  high  values 
of  this  ratio.  From  the  list  of  binaries  used  in  the 
present  paper,  I  took  the  stars  for  which  spectroscopic 
as  well  as  trigonometric  parallaxes  are  given  in  Mount 
Wilso7i  Contributions,  No.  199,  and  I  compared  the 
two  parallaxes  for  the  brighter  components.  Stars 
for  which  the  trigonometric  parallaxes  are  founded  only 
on  older  and  inaccurate  results  have   been  omitted. 

As  the  spectroscopic  parallaxes  have  been  made  to 
agree  with  the  trigonometric  ones  for  a  material  prin- 
cipally consisting  of  single  stars,  it  is  evident  that  any 
systematic  difference  in  mass  between  brighter  com- 
ponents of  binaries  and  single  stars  of  the  same  absolute 
magnitude  will  be  borne  out  by  the  above  comparison. 

The  computed  average  ratios  between  the  spectro- 
scopic parallax  of  the  brighter  component  and  the 
trigonometric  parallax  are  given  below;  four  stars  in 
which  one  of  the  parallaxes  is  larger  than  0".200  were 
excluded. 

'Sec,  for  instance.  Halm.  Monthly  Notices,  71,  634,  1911,  and 
Seares,  Mount  Wilson  Contributions  No.  226,  1921. 

•Btitk'tin  of  the  Astronomical  Institutes  of  the  Nelhcrlnnds,  No.  19. 
1922. 


Spccti-uni 

M 

can  ratio 

Nun 

bcr  of  stars 

F 

0.90 

43 

G 

1.10 

27 

K 

1.07 

14 

All 

0.99 

84 

The  conclusion  seems  justified  that  there  is  no 
appreciable  difference  in  mass  between  the  brighter 
components  of  double  stars  and  single  stars  of  the  same 
absolute  magnitude.  It  is  true  that  part  of  these 
stars  may  have  been  selected  on  account  of  large  orbital 
motion  so  that  there  might  be  a  slight  selection  of  more 
massive  stars.  This  objection  may  be  removed  by 
excluding  from  the  eighty-four  stars  all  those  occurring 
in  Jackson  and  Furner's  list  of  binaries  with  appre- 
ciable orbital  motion.'  The  total  mean  ratio  then 
becomes  1.05  (57  stars). 

Knowing  the  mean  mass  of  the  brighter  components 
we  can  form  an  estimate  of  the  mass  of  the  whole 
system  with  the  help  of  the  relation  between  mass  and 
luminosity  recently  published  by  Hertzsprung.'' 

For  the  material  used  in  what  follows  the  mean 
magnitude  differences  between  the  two  components 
are  about  2.0  for  the  A-  and  F-  type  stars,  and  2.8 
for  the  G  and  A'  stars.  From  Hertzsprunc.'.s  formula 
(1): 


m  +  5  log  p  =   - 


log  Mass 
0.084 


we  find  the  corresponding  ratios  of  the  mass  of  the 
fainter  component  to  that  of  the  brighter  one  as  0.68 
and  0.58  respectively.  (For  the  G  and  K  stars  with 
later  type  companions,  used  on  page  144,  the  mass 
ratio  is  0.79.)  Therefore,  in  comparing  the  average 
velocities  of   double  stars  with  those  of  single  stars 

^Monthly  Notices  R.  A.  S.,  81,  30,  1920. 

'Bull.  Astr.  Neth.  No.  43,  1923. 
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having  the  same  absohite  maf!;nitude  as  the  brighter 
components  of  the  double  stars,  the  average  mass  of 
the  former  will  be  about  1.7  or  1.6  times  that  of  the 
latter  stars.  Some  uncertainty  remains,  however,  as 
the  above  mass  ratios  were  found  from  a  material 
consisting  wholly  of  dwarf  stars,  whereas  the  stars 
considered  in  the  following  investigation  are,  in  con- 
siderable part,  absolutely  bright  stars. 

A  list  of  double  stars  with  known  radial  velocities 
was  selected  from  a  manuscript  Catalogue  of  liright 
Stars  prepared  by  Dr.  Schlesingkr.  This  catalogue 
contains  all  the  stars  of  the  Revised  Harvard  Photo- 
metry, and  among  other  information  contains  notes 
about  double  stars  and  all  radial  velocities  published 
up  to  June,  1923.  Very  nearly  all  stars  from  Burn- 
h.\m's  and  Innks'  catalogues  have  been  noted  in  the 
Bright  Star  Catalogue,  unless  the  difference  in  magni- 
tude between  the  two  components  is  unusually  large. 

I  took  all  pairs  of  spectra  A,  F,  G  and  K  in  which 
the  magnitude  difference  is  smaller  than  6.0,  excluding 
those  in  which  the  companion  is  at  the  same  time  fainter 
than  the  9th  magnitude  and  more  than  30"  distant 
from  the  main  star  (unless  a  common  motion  shows 
that  they  are  ])hysically  connected).  It  is  easy  to 
prove  that  the  percentage  of  optical  doubles  among 
the  remaining  stars  is  too  small  to  have  any  influence 
on  the  results.  The  B-type  stars  were  omitted 
because  of  the  large  number  of  moving  clusters  among 
them,  which  will  tend  to  obscure  every  difference  in 
mean  velocity  between  two  groups  of  stars  as  the 
same  cluster  velocities  arc  added  to  both.  Part  of 
the  same  difficulty  holds  for  the  .4 -type  stars. 

In  order  to  avoid  all  possible  influences  that  might 
make  the  double-star  velocities  too  large  I  made  sure 
that  the  material  is  complete  and  is  not  affected  by  the 
selection  of  large  common  motions;  this  was  done  by 
taking  only  the  Northern  pairs  with  combined  magni- 
tude brighter  than  5.9  and  the  Southern  pairs  brighter 
than  5.0  from  the  list  mentioned  above. 

The  average  absolute  magnitude  of  the  brighter 
components  of  the  double  stars  with  spectra  /'",  G  and 
K  was  computed  with  the  help  of  spectroscopic  ])aral- 
laxes  in  the  following  waj'.  Speclroscopic  absolute 
magnitudes  have  been  determined  for  about  two- 
thirds  of  the  stars;  for  the  remaining  binaries  1  com- 
puted the  average  proper  motion  and  apparent  magni- 
tude and  selected  from  the  binaries  with  known  abso- 
lute magnitude  a  set  having  the  same  average  proper 
motion  and  magnitude.  The  mean  absolute  magnitude 
of  these  stars  was  then  accepted  as  that  of  the  binaries 
with  unknown  parallaxes.  The  total  means  of  the 
absolute  magnitudes  thus  computed  are  given  in 
column  3  of  table  1.     Nearly  all  the  G  and  K  binaries 


used  are  giants,  only  11  being  found  to  be  fainter  than 
absolute  magnitude  -|-3.0. 

The  material  used  to  comi)are  single  stars  with  the 
binaries  consists  exclusively  of  stars  with  known 
spectroscopic  paralla.xes  thus  making  it  possible  to 
exclude  stars  within  certain  limits  of  absolute  magnitude 
in  order  to  get  the  same  average  absolute  magnitude 
as  the  brighter  components  of  the  binaries.  This 
was  effected  by  excluding  all  stars  brighter  than  -t-1.0 
in  the  spectral  class  F,  50  percent  of  the  stars  brighter 
than  0.0  in  class  G,  and  all  stars  brighter  than  0.0  in 
class  K  (see  table  1,  column  5,  for  the  average  absolute 
magnitudes).  The  recent  Mount  Wilson  radial  velo- 
cities* have  not  been  included  in  the  case  of  the  single 
stars.  All  stars  fainter  than  6.5  apparent  magnitude 
have  been  excluded. 

The  average  radial  velocities  freed  from  solar  motion 
(accepting  a  velocity  of  20  km,  apex  18''  0'";  -|-30°) 
arc  compared  in  the  following  tal)le. 

Table  1 


Spectrum 

of 
brighter 
compo- 
nent 

Double     Stars,     brighter 
tlian  S^.O  for  +  declina- 
tions  and   brighter   than 
rv'.O  for  —declinations. 

Single  Stars,  brighter 
than  G"'.5. 

Aver, 
vel. 

Abs. 
magn. 

Aver.                 Abs. 
vel.                 magn. 

^0-^9 
F0-F9 
G0-G9 
K0-K9 

10.4  km  (67) 
15.3  km  (52) 
11.2  km  (26) 
12.8  km  (38) 

+  2M.5 
+  1    .7 
+  1    .0 

11.0  km  (177) 
14.6  km  (  89) 
15.8  km  (  88) 
15.0  km  (254) 

-h2«.7 
+  1    .8 
+  1    .2 

The  number  of  stars  on  which  the  averages  rest  are 
given  between  brackets. 

A  few  remarks  may  accompany  the  table: 

r'or  the  spectral  class  A  no  effort  has  been  made  to 
equalize  the  absolute  magnitudes  of  double  and  single 
stars,  and  the  average  velocity  for  the  latter  is  that 
given  by  Campbell." 

In  the  fourth  column  all  doubles  with  magnitude 
differences  smaller  than  6.0  have  been  excluded. 

For  a  binary  the  radial  velocity  of  the  brighter 
star  has  been  used  throughout,  but  the  difference  from 
that  of  the  center  of  gravity  must  be  so  small  that  it 
cannot  have  any  influence  on  the  results. 

All  stars  with  peculiar  radial  velocities  of  50  km  or 
higher  have  been  excluded  from  the  comparison  for 
two  reasons.  In  the  first  plac'c  there  are  indications 
that  the  stars  with  space  velocities  higher  than  66  km 

''Mount  Wilson  Conlribulions,  No.  258,  1923. 
'Lick  Observatory  liuUelin,  6,  127,  1911. 
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form  a  group  b}-  themselves  and  can  be  sharply 
distinguished  from  the  rest  of  the  stars;'  "their 
velocities  may  have  arisen  from  a  different  cause 
and  they  should  not,  therefore,  be  mixed  with  the 
ordinary  stars  if  we  want  to  determine  the  connection 
between  velocity  and  mass  or  velocity  and  absolute 
magnitude.  In  the  second  place  the  omission  of  a 
few  stars  with  exceptional  velocities  will  increase  the 
accuracy  of  our  results  and  in  this  case  the  gain  will 
be  greater  than  the  loss  due  to  the  decrease  of  the 
differences  in  mean  velocity  between  two  groups  of 
stars. 

The  binaries  are  grouped  according  to  the  spectrum 
of  the  brighter  component  as  in  the  great  majority  of 
cases  this  is  the  only  one  known.  No  attention  was 
paid  to  stream-motion,  the  average  distance  from  the 
vertices  being  supposed  approximately  the  same  in 
both  cases.  It  appears  from  the  table,  that  for  the 
spectra  A  and  F  there  does  not  seem  to  be  any  differ- 
ence between  the  two  average  velocities  although  the 
binaries  have  a  mass  1.7  times  that  of  the  single  stars 
with  which  they  are  compared. 

For  the  0  and  K  stars  the  liinaries  seem  to  have 
lower  velocities.  This  result  can,  however,  be  inter- 
preted in  different  ways.  Professor  Hertzsprung 
has  drawn  my  attention  to  the  fact  that  a  relatively 
high  percentage  of  the  G  and  K  double  stars  have  B 
or  A  companions  and  that  it  might  be  -questioned 
whether  these  stars  should  not  have  been  classified 
among  the  B  -  and  A  -  type  stars.  To  investigate 
this  point  I  made  a  list  of  all  G  and  K  stars  that  are 
known  to  have  B-  or  .4-tj'pe  companions,  a  total  of  42 
stars.  After  the  exclusion  of  the  high  velocity  star 
o-  Eridani  there  are  16  stars*  with  known  radial 
velocities,  giving  a  mean  peculiar  velocity  of  7.2  km. 
The  same  exceptionally  low  velocity  is  obtained  from 
the  proper  motions  of  these  stars:  considering  only 
the  24  stars  for  which  proper  motions  occur  in  Boss's 
Catalogue  we  get  an  average  secular  parallax  of  0".036 
and  an  average  proper  motion  in  a  direction  at  right 
angles  to  the  great  circle  through  the  apex  (average 
T-component)  of  0".015;  accordingly  the  average 
linear  velocity  in  that  direction  is  8.3  km.  Cor- 
recting for  a  probable  error  of  0".005  in  the  proper 
motions,  this  value  becomes  7.8  km. 

As  far  as  the  evidence  from  this  small  number  of 
stars  goes  it  looks  as  though  these  stars  with  blue 
companions  should  according  to  their  velocities  be 
classified  among  types  .4  and  B  rather  than  among 
types  G  and  A',  although  the  G  and  K  stars  are  2.5 

"See  BiiU.  Aslr.  Neth.  No.  23,  1922. 

'Including  one  Ma  star  having  a  blue  companion,  namely 
o  Scorjrii. 


magnitudes  brighter  than  their  companions  on  the 
average,  this  value  being  found  from  the  17  binaries 
in  which  the  brighter  component  is  brighter  than  appar- 
ent magnitude  6.O.' 

This  becomes  the  more  surprising  by  the  fact  that  in 
practically  all  binaries,  visual  as  well  as  spectro- 
scopic, where  the  mass-ratio  is  known,  the  brighter 
star  has  the  largest  mass.'" 

It  is  not  only  in  their  motions,  but  also  in  their 
positions  relative  to  the  galaxy  that  these  later  type 
binaries  more  closely  resemble  B-  and  A-iype  stars 
than  stars  of  the  spectrum  of  their  brighter  components, 
as  shown  in  table  2."     The  first  four  lines  of  the  table 

Table  2 


Spectrum 

Percentage  of  stars 
between  galactic  latitudes 

Number 
of  stars 

0°and 
±20° 

±20°and 
±40° 

±40°and 
±90° 

£0-/39 

67  7o 

24% 

9% 

917 

AO-AQ 

49 

26 

2.5 

1343 

GO-GO 

41 

29 

30 

671 

/v0-/v9 

41 

28 

31 

1425 

Binaries 

66 

29 

5 

41 

Northern 

declinations 

64 

29 

7 

28 

only 

Area 

1.41 

1.24 

1.47 

4.13 

Unit  10.000 

sq.  degrees 

give  the  percentage  of  all  stars  of  the  6th  magnitude 
between  0°  and  ±20°,  ±20°  and  ±40°,  ±40°  and  ±90° 
galactic  latitude  respectively.  They  were  computed 
from  table  11,  Groningen  Publications  No.  30,  for 
apparent  magnitude  6.0,  which  is  the  average  magnitude 
of  the  41  binaries  mentioned  above.  The  last  two 
lines  give  the  corresponding  percentages  for  these 
binaries;  the  last  line,  in  which  only  stars  with 
Northern  declination  are  used,  is  added  to  show  that 
the  strong  galactic  condensation  cannot  be  explained 
by  a  selection  in  the  observing  program. 

"So  far  as  I  know  there  is  within  this  limit  only  one  binary  in 
which  the  brightness  of  the  G  or  K  component  is  less  than  that  of 
the  A  or  B  component. 

i^It  should  be  mentioned,  however,  that  Pannekoek,  in 
estimating  the  mass-ratio  of  three  binaries  where  the  fainter  com- 
panion was  of  earUer  spectral  type,  came  to  the  conclusion  that  in 
all  three  cases  the  fainter  star  was  the  most  massive  {Bull.  Aslr. 
Nelh.,  No.  19,  page  117.) 

"Perrine,  in  Astrophysical  Journal  47,  293,  noticed  that  these 
stars  show  a  decided  i)rcfercnce  for  the  galaxy. 
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.  The  total  numbers  of  stars  used  in  each  line  is  given 
in  the  last  column. 

The  binaries  show  a  galactic  condensation  practically 
as  strong  as  that  of  B  stars  of  the  saire  apparent 
raagntude.  Ihis  is  not  a  perspective  effect  arising 
from  the  large  average  distance  of  these  absolutely 
bright  stars  (for  the  most  distant  single  K  giants 
exhibit  hardly  any  preference  for  the  galaxy),  hut  it 
sho\\s  that  their  linear  distance  from  the  galactic 
plane  is  on  the  average  very  much  siiallcr  than  Ihat 
of  single  K  stars.'- 

That  this  erroneous  classification  of  the  G  and  K 
stars  with  blue  companions  may  well  account  for  the 
differences  in  the  two  last  lines  of  table  1  appears 
plausible  if  we  ren^ark  that  in  '^%  of  the  cases  in  which 
the  spectrum  of  the  companion  has  been  determined  it 
appears  to  be  of  Class  A  or  B.  If  we  consider  only 
those  pairs  in  which  the  spectrum  of  the  companion 
is  known  to  be  later  than  yl9  we  find  2(5  G  and  K  stars 
with  an  average  velocity  of  15.8  km.''  while  the  aver- 
age velocity  of  single  stars  of  the  same  absolute  magni- 
tude and  spectrum  is  16.7  km  (79  stars). 

¥oT  the  stars  aI)out  which  we  are  sure  as  to  the 
spectrum  according  to  which  they  should  be  classified 
the  ratios  of  the  mean  velocity  of  single  stars  to  that 
of  binaries  (with  the  approximate  probable  errors) 
come  out  as  follows: 

A  stars  1.06  ±0.07 

F  stars  0.95  ±  0.09 

G  and  A' stars  1.06  ±0.12 

The  average  is    1.02   ±0.05  (p.e.)  whereas  the  factor 
expected  in  the  case  of  equipartition  would  be  1.27.'^ 

The  material  used  is  almost  too  scant  to  permit 
any  conclusions,  but,  so  far  as  the  indications  go,  it 
seems  that  there  is  no  appreciable  difference  between 
the  two  average  velocities,  and  that  therefore  if  a  kind 
of  equipartition  does  exist  among  stars  of  different 
mass  then  binary  stars  must  somehow  have  been 
affected  just  as  though  the  mass  of  the  system  were 
equal  to  that  of  the  more  massive  component  alone. 
It  would  also  follow  that  the  motions  of  the  stars  have 
not  been  influenced  to  a  considerable  extent  by  transfer 
of  energy  from  one  star  to  another,  as  this  transfer 

'■'The  same  characteristics;  low  velocity  and  strong  condon-sation 
towards  the  Galaxy;  are  shown  by  the  so-called  c-stars,  and  it  may 
be  that  we  arc  dealing  with  this  kind  of  st;ir  here.  It  must  be  ob- 
served, however,  that  even  the  spectroseoi)ieally  brightest  A'  giants 
do  not  show  a  galactic  condcn.sation  comparable  with  that  of  the 
binaries. 

"If  we  take  only  the  brighter  stars,  as  vva.s  done  for  table  2 
(to  avoid  po.ssible  selection  for  large  proper  motion),  there  remain 
14  stars  with  an  average  velocity  of  Hi. 6  km. 

"In  the  computation  of  this  theoretical  factor  account  has  been 
taken  of  the  fact  that  velocities  higher  than  oO  km  were  excluded, 
which,  supposing  a  Gaussian  distribution  in  the  velocities,  dimin- 
ishes the  factor  from  1.30  to  1.27. 


would  have  resulted  in  higher  velocities  for  the  single 
stars  than  for  the  binaries.  It  would  be  of  interest  to 
get  more  information  about  radial  velocities  of  a  homo- 
geiieovs  list  of  double  stais;  for  instance,  all  Burn  ham 
stars  brighter  than  apparent  magnitude  8.0  in  which 
the  components  differ  by  less  than  three  magnitudes 
and  are  far  enough  apart  to  allow  color  determinations 
of  l)oth  components. 

In  the  above  note  I  have  dealt  with  visual  binaries 
only,  because  in  the  case  of  spectroscopic  l)inaries  a 
comparison  of  the  mass  of  the  systems  with  that  of 
single  stars  could  not  well  be  made.  It  may,  however, 
be  of  interest  to  add  a  preliminary  comparison  for 
these  binaries  as  in  this  case  again  there  does  not 
seem  to  be  any  difference  in  mean  velocity. 

In  order  to  avoid  a  larger  difference  in  mean  magni- 
tude betW'een  the  two  groups  of  stars  compared,  the 
average  velocities  computed  by  Campbell  {loc.  cit.) 
were  used  for  the  single  stars,  and  in  the  case  of  the 
spectroscopic  binaries  I  took  only  stars  brighter  than 
5.5  apparent  magnitude. 

The  mean  velocities,  with  the  number  of  stars 
between  brackets,  are  given  in  table  3.  Stars  with 
velocities  higher  than  50  km.  and  a  few  stars  for  which 
the  velocity  of  the  center  of  gravity  is  uncertain,  have 
been  excluded.  The  average  probable  error  of  the 
velocities  of  the  binaries  considered  is  not  larger  than 
that  of  Campbell's  velocities. 


Spectrum 
BO  /i9 
^0-.49 
F0-F9 
GO-A'9 


Table   3 
Speetrosc.  Bin. 
brighter  than  .5'°..5 


Single  Stars 
(Campbell) 


6.6  km  (43)  6.5  km  (225) 

12.0  km  (30)  11.0  km  (177) 

12.4  km  (20)  14.1  km  (184) 

16.0  km  (18)  13.6  km  (492) 

The  ratio  of  the  average  radial  velocity  of  the  single 
stars  to  that  of  the  binaries  is  in  this  case  1.03  ±0.05 

(p.e.). 
Summary : 

Evidence  has  been  brought  forward  that  the  average 
mass  of  the  brighter  component  of  a  visual  binary  is 
about  equal  to  that  of  a  single  star  of  the  same  spectrum 
and  absolute  brightness. 

There  are  no  indications  of  a  difference  in  mean 
velocity  between  single  stars  and  binaries  (both  visual 
and  spectroscopic),  but  for  the  spectra  G  and  A'  the 
material  is  insufficient  for  anj-  definite  conclusion. 

It  seems  probable  that  the  G-  and  A'-type  binaries 

with  blue  companions  should,  according  to  their  motions 

as  well  as  to  their  galactic  condensation,  be  classified 

among  the  spectra  B  and  A  rather  than  among  G  and  A'. 

Yale  University  Observatory, 
December  S,  1923. 
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WIRELESS   LONGITUDE   DETERMINATIONS   OF  THE   U.  S. 

GEODETIC   SURVEY, 

By   GEORGE   D.    COWIE. 


COAST  AND 


During  the  past  two  seasons,  1922  and  1923,  a  field 
party  of  the  U.  S.  Coast  and  Geodetic  Survey,  under 
charge  of  the  writer,  has  been  using  the  wireless  time 
signals  sent  from  the  U.  S.  Naval  Observatory  via 
the  Annapolis  (NSS)  radio  station  in  the  determination 
of  longitudes.  The  stations  occupied  are  in  Wisconsin, 
Colorado,  New  Mexico,  Washington,  and  Southeast 
Alaska.  The  results  are  so  satisfactory  that  it  seems 
certain  that  the  radio  method  has  superseded  the 
wire  and  cable  method. 

A  special  radio  receiving  set  with  a  three  stage 
radio  frequency  amplifier  and  a  radio  recorder  were 
designed  for  this  work  by  Des.  Eckhardt  and 
Karchkr  of  the  U.  S.  Bureau  of  Standards.  The 
antenna  consists  of  six  wires,  spaced  about  eighteen 
inches  apart,  one-hundred  twenty  feet  long  and 
supported  between  two  42-foot  sectional  poles.  This 
set  combines  lightness,  portability,  and  simplicity, 
and  the  graphic  recording  of  the  radio  time  signals. 
The  time  of  star  transits,  the  radio  time  signals,  and 
the  seconds  of  the  local  chronometer  are  all  inked  on 
a  chronograph  sheet  by  a  single  recording  pen. 

In  use  the  set  is  first  tuned  with  a  telephone  headset 
and  then  the  amplified  radio  current  is  switched  into  a 
high-resistance  relay,  the  armature  of  which  makes  and 
breaks  the  chronograph  pen  circuit  with  the  incoming 
time  signal.  The  chronograph  pen  is  also  in  circuit 
with  a  siderial  break-circuit  chronometer.  A  complete 
record  of  both  the  chronometer  breaks  and  the  time 
signals  is  assured  b}'  means  of  a  double  winding  on  the 
pen  magnet  so  arranged  that  if  the  pen  is  held  over 
by  a  radio  time  signal  it  will  be  released  when  the 
chronometer  circuit  is  broken. 

The  transit-micrometer  of  a  Bamberg  broken- 
telescope  astronomic  transit  is  switched  in  circuit  in 
place  of  the  radio  relay  when  star  observations  are 
being  made  for  local  siderial  time  at  the  occupied 
station.  This  eliminates  the  effect  of  any  fluctuation 
in  the  mechanical  operation  of  the  pen  magnet  from 
the  accuracy  of  the  final  result,  as  any  fluctuation  is 
common  to  all  functions.  Fluctuations  in  the  chrono- 
meter relay  circuit  also  have  no  effect  on  the  accuracy 
of  the  final  result  as  the  time  reference  points  are  the 
instants  that  the  pen  beings  to  move  due  to  the  chrono- 
meter breaks,  and  both  the  star  transits  and  radio  time 
are  referred  to  these  instants. 

In  the  determination  of  longitude  differences  liy 
wireless  the  errors  are  those  due  to  the  observational 
errors  in  the  time  determinations  at  the  U.  S.  Naval 


Observatory  and  at  the  Coast  and  Geodetic  Survey 
field  station,  which,  probably,  are  less  than  0.02  sec. 
on  any  night  at  either  place,  and  to  the  error  in  the 
adopted  value  of  the  lag  of  the  transmitting  and  re- 
ceiving circuit  for  the  time-signal  or  in  the  fluctuation 
of  this  lag. 

The  value  of  the  lag  was  determined  before  the  1922 
season  and  again  before  the  1923  season  in  the  following 
manner:  The  field  astronomical  equipment  was  set 
up  on  a  concrete  pier  on  the  Naval  Observatory  grounds 
and  the  difference  of  longitude  between  this  pier  and 
the  center  of  the  clock  room  was  determined  as  in  the 
field,  using  the  same  radio  receiving  outfit. 

The  discrepancies  between  the  differences  deter- 
mined by  star  observations  and  the  Annapolis  time 
signals  and  the  difference  determined  by  direct  linear 
measurement  between  the  pier  and  the  clock  room  gave 
the  values  of  the  lag  combined  with  the  personal 
equation  of  the  Coast  and  Geodetic  Survey  observer 
and  any  other  systematic  error. 

The  observations  in  1922  on  eight  nights,  gave  a 
mean  value  of  the  lag  of  —0.025  ="=0.005  sec,  and  the 
observations  in  1923  on  five  nights  gave  a  mean  value 
of  -0.040  ±0.009.  A  mean  adopted  value  of  -0.033 
±0.010  was  therefore  used  for  the  work  of  both  seasons. 

Fluctuations  in  the  lag  are  caused  by  the  change  in 
the  time  of  mechanical  operation  of  the  local  relays  in 
the  time  circuit  at  the  Naval  Observatory,  in  the  relays 
at  Annapolis  through  which  the  time  signals  are  received 
via  the  land  line  of  the  Western  Union  Telegraph 
Company  and  transmitted  to  the  antenna,  and  in  the 
radio  relay  of  the  field  recorder. 

These  fluctuations  are  assumed  to  be  small,  of  the 
order  of  0.005  sec,  as  frequent  checks  on  a  part  of  the 
circuit  are  measured  at  the  Naval  Observatory  and 
care  is  taken  in  the  field  to  keep  the  tension  of  the 
relay  armature  springs  constant. 

In  addition  to  the  wireless  longitude  work  obser- 
vations were  made  for  latitude,  azimuth  and  gravity 
at  each  of  the  stations  in  Southeastern  Alaska.  The 
azimuth  and  longitude  results  combined  furnish  the 
additional  data  necessary  to  permit  the  adjustment  of 
the  complete  precise  triangulation  from  the  southern 
boundary,  Dixon  Entrance,  to  the  vicinity  of  Skagway, 
a  distance  of  350  miles.  This  adjustment  has  been 
delayed  until  the  wireless  time  signals  offered  a  means 
of  making  the  longitude  determinations.  The  tri- 
angulation is  a  part  of  the  international  scheme,  agreed 
to  by  the  U.  S.  Coast  and  Geodetic  Survey  and  the 
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Canadian  Geodetic  Survey,  to  carry  precise  horizontal 
control,  based  on  the  Standard  North  American  Datum, 
from  Puget  Sound,  through  British  Columlna,  South- 
east .\laska,  and  Yukon  Territory  to  Western  Alaska. 
The  following  data  taken  from  the  field  computation 
show  the  residuals  for  each  night  of  longitude  deter- 


Season  of  1922 

Date 

Station 

Before 

applying 

clock 

corrections 

After 

applying 

clock 

corrections 

Probable 
error 

1922 

Sec. 

Sec. 

Sec. 

Aug.   30 

La  Lande, 

-0.020 

0.000 

Sept.  13 

N.  Mex. 

+  0.012 

-0.016 

16 

-0.030 

-0.018 

20 

+  0.036 

+  0.034 

±0.008 

Sept.  27 

Artcsia, 

+  0.032 

+  0.005 

30 

N.  Mex. 

-0.006 

-0.035 

Oct.      1 

-0.032 

-0.002 

2 

+  0.007 

+  0.031 

±0.009 

Oct.      9 

Des  Moines, 

-0.047 

0.000 

10 

N.  Mex. 

-0.095 

-0.013 

11 

+  0.062 

+  0.008 

15 

+  0.079 

+  0.006 

±0.003 

Oct.    22 

Las  Animas, 

+0.097 

+  0.012 

23 

Colo. 

-0.077 

-0.028 

24 

-0.C47 

-0.026 

25 

+  0.029 

+  0.042 

±0.011 

No 

;e:   Above  are  c 

becked  cc 

mputatio 

ns 

June  20 

Wisconsin 

-0.056 

-0.007 

21 

Rapids,  Wis. 

+  0.015 

-0.003 

22 

+  0.025 

+  0.023 

23 

+  0.017 

-0.015 

±0.005 

July      1 

Ladvsmith, 

+  0.006 

+  0.001 

2 

Wis. 

-0.034 

-0.004 

8 

+  0.155 

+  0.061 

12 

-0.126 

-0.059 

±0.016 

July    20 

Rhinelander, 

-0.074 

-0.051 

22 

Wis. 

+  0.020 

-0.015 

24 

-0.007 

0.000 

25 

+0.062 

+  0.064 

±0.016 

During  the  1922  season  instructions  called  for 
observations  on  four  nights  for  a  longtitude  deter- 
mination as  the  accuracy  of  radio  recording  was  still 
unproven.  During  the  1923  season  only  three  nights 
were  required,    conforming   with   the   practise   of   the 


mination  in  the  field.  The  third  colunm  gives  the 
residuals  before  the  U.  S.  Naval  Oliservatory  clock 
corrections  had  been  applied;  and  the  fourth  column, 
the  residuals  after  these  corrections  had  been  apjilied. 
The  probable  errors  in  the  last  column  are  derived 
from  Ihc  residuals  in  tiie  fourth  colunui. 


Season 

OF  1923 

Date 

Station 

Before 
applying 

clock 
corrections 

After 

applying 

clock 

corrections 

I'robable 
error 

1923 
May  24 
25 
J  une     1 

Percy  Islands, 
Alaska 

Sec. 
+  0.017 
-  0.045 

+  0.028 

Sec. 
+  0.005 
-0.015 
+  0.010 

Sec. 
±  0.005 

June  13 
20 

28 

Ship  Island, 
Alaska 

+  0.0.54 
+  0.019 
-0.074 

+  0.027 
+  0.010 
-0.037 

±0.013 

July    14 
23 
27 

28 

Sukoi  Island, 
Alaska 

+0.014 
-0.057 
+  0.022 
+  0.021 

-0.022 
-0.045 
+  0.011 
+  0.057 

±0.015 

Aug.     5 
() 

8 

Eldred  Rock, 
Alaska 

-0.028 
-0.010 
+  0.038 

-0.026 
+  0.004 
+  0.022 

±0.009 

Aug.   16 
17 
18 

Young's 
Point,  Alaska 

+  0.003 
-0.028 
+  0.026 

+  0.010 
-0.028 
+  0.019 

±0.009 

Aug.  25 

26 

Sept.    4 

Astley  Point, 
Alaska 

+  0.050 
-0.056 
+  0.006 

+  0.015 
-0.045 
+  0.030 

±0.015 

Sept.  10 

11 
12 

Quiet  Harbor, 

Alaska 
(lOp.m.W.T.) 
(4  a.m.  W.T.) 

-0.002 

+  0.042 
-0.039 

-0.019 

+  0.0.52 
-0.033 

±0.017 

Oct.      9 
12 
13 

Alki  Point, 
Wash. 

-0.015 
+0.008 
+  0.006 

+  0.021 
-0.017 
-0.005 

±0.007 

Survey  for  wire   determinations  during  the  past  ten 
years. 

In  both  seasons  the  Bamberg  broken-telescope  port- 
able transit,  equipped  with  the  transit  micrometer, 
was  used  at  the  field  stations.     For  speed  and  con- 
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venience  in  setting  up,  use  was  made  of  a  collapsible 
aluminum  tripod,  firmly  set  in  the  ground  or  on  the 
rocks  and  made  rigid  by  the  use  of  turnbuckles  on 
the  diagonal  members.  The  observing  program  for 
a  night  consisted  of  observations  on  from  10  to  12  stars 
arranged  in  two  sets  with  the  time  signal  received 
between  the  two. 

As  indicated  by  the  probable  errors,  the  accuracy 
of  results  obtained  by  the  use  of  radio  time  signals 
is  about  equal  to  that  obtained  by  the  wire-telegraphic 
method.  It  is  to  be  remarked  however  that  the 
computation  of  the  work  at  only  four  of  the  above- 
listed  stations  has  been  checked  and  incidentally  that 
the  average  probable  error  at  these  four  stations  is 
only  —0.008  sec.  The  average  probable  error  for 
all  the  stations  in  the  table  is  ="=0.011  sec.  The  average 
for  wire-telegraphic  determinations  since  1914  is  about 
=t  0.012  sec. 


In  spite  of  the  possibility  of  a  small  constant  error 
being  introduced  by  an  error  in  the  adopted  value  of 
the  lag,  the  advantages  of  the  wireless  method  out- 
weigh the  disadvantages. 

The  wireless  method  allows  stations  to  be  occupied 
which  are  remote  from  telegraph  and  cable  stations, 
thus  affording  a  better  selection  of  stations  in  a  trian- 
gulation  system;  it  requires  only  one  field  party  instead 
of  two  for  a  determination,  thereby  cutting  the  cost 
of  operations  and  obviating  the  necessity  of  waiting 
for  clear  weather  to  occur  simultaneously  at  two  field 
stations;  and,  finally,  it  refers  each  difference  of 
longtitude  directly  to  the  longitude  of  the  clock  room 
of  the  U.  S.  Naval  Observatory  at  Washington,  thus 
avoiding  the  possibility  of  accumulation  of  error 
incident  to  chains  of  longitude  differences. 

U.  S.  Coast  and  Geodetic  Survey,  Washington,  D.  C, 
December  8,  1923. 


FORTY-SEVEN   NEW  DOUBLE  STARS, 

By   BERNHARD   H.   DAWSON. 

The  forty-seven  double  stars  of  the  accompanying  list  were  found  with  the  433"""  refractor  of  La  Plata 
Observatory.  The  numbers  are  continued  from  Publicaciones  del  Observatorio  de  La  Plata  Tomo  IV.  Only 
the  mean  results  are  given  here;  the  individual  measures  will  be  published  in  some  future  volume  of  the  same 
series.     I  am  indebted  to  De.  Innes  for  collating  this  list  with  his  catalogue. 


No. 

C.P.D. 

R.A. 

1900  Decl. 

1900  + 

Angle 

Distance 

Magn. 

Nigh 

112 

-36 

8 

h 

.0 

4  38 

-36 

49 

22.18 

170.2 

0.74 

9.7 

10.3 

3 

113 

-36 

21 

0 

9  40 

-36 

43 

22.18 

275.7 

1.00 

10.4 

10.4 

3 

114 

-28 

78 

0 

56  26 

-28 

20 

21.92 

290.2 

1.10 

9.5 

13.2 

2 

115 

-51 

271 

2 

1   1 

-50 

57 

22.03 

40.4 

1.36 

9.3 

9.4 

3 

116 

-34 

610 

5 

8  58 

-34 

36 

21.65 

153.8 

0.82 

8.8 

9.3 

3 

117 

-34 

647 

5 

17  40 

-34 

26 

22.03 

6.6 

2.24 

6.4 

11.8 

3 

118 

-34 

694 

5 

33  0 

-34 

47 

21.98 

206.4 

0.37 

8.4 

8.7 

3 

119 

-28 

1234 

6 

14  40 

-28 

19 

22.18 

200.5 

3.99 

9.4 

10.5 

3 

120 

-29 

12.50 

6 

19  35 

-29 

58 

23.25 

87.7 

0.51 

8.9 

9.1 

3 

121 

-29 

1276 

6 

22  30 

-29 

4 

23.29 

219.4 

4.34 

9.6 

10.2 

2 

122 

-28 

1416 

6 

39  2 

-28 

56 

22.07 

142.7 

3.18 

9.8 

10.6 

3 

123 

-45 

1202 

7 

3  7 

-45 

7 

23.24 

178.7 

0.74 

9.7 

10.3 

3 

124 

-30 

1595 

7 

12  46 

-30 

32 

22.95 

308.9 

4.78 

9.3 

13.6 

3 

125 

-33 

1433 

7 

16  42 

-33 

22 

22.89 

49.9 

2.10 

8.8 

11.2 

3 

126 

-33 

1441 

7 

17  50 

-33 

26 

22.89 

265.1 

1.73 

10.5 

1.11 

3 

127 

-33 

1459 

7 

20  3 

-33 

17 

22.89 

14.0 

1.73 

9.1 

11.6 

3.2 

128 

-33 

1465 

7 

20  28 

-33 

56 

23.36 

255.9 

0.97 

9.1 

11.5 

2 

129 

-31 

1537 

7 

20  54 

-31 

37 

22.88 

309.1 

2.17 

5.8 

11.5 

3 

130 

-33 

1492 

7 

23  45 

-33 

36 

23.36 

169.1 

1.14 

10.1 

10.5 

2 

131 

-29 

2950 

9 

10  48 

-29 

57 

23.18 

122.8 

1.06 

8.3 

10.5 

3 
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No. 

C.P.D. 

R.A. 

1900  Dccl. 

1900+ 

Anglo 

Distance 

Magn. 

Nights 

132 

-35 

4()1() 

ii'  r38' 

-35  12 

22.33 

122.2 

2.42 

9.1 

11. (i 

3.2 

133 

-34 

4505 

114   1 

-34  20 

22.98 

221.1 

1.35 

8.7 

13.8 

3 

134 

-29 

3535 

11  41  22 

-29  28 

22.29 

196.3 

0.95 

9.4 

11.9 

3 

135 

-29 

3562 

11  55  18 

-29  47 

23.35 

54.8 

3.27 

7.6 

12.5 

3.2 

136 

-29 

3571 

11  58  48 

-29  52 

23.36 

268.3 

2.44 

9.4 

12.5 

2 

137 

-29 

3573 

11  58  51 

-30  4 

23.36 

86.8 

2.35 

8.6 

12.5 

2 

138 

-28 

4433 

12  10  51 

-29   t 

23.34 

320.6 

1.44 

8.0 

12.0 

1 

139 

-34 

5182 

12  20  49 

-34  18 

22.31 

348.4 

2.36 

10.2 

11.9 

2 

140 

-37 

5349 

12  39  18 

-37  35 

22.65 

17.9 

1.98 

9.4 

10.6 

3 

141 

-29 

3886 

13  53  14 

-29  40 

23.23 

148.7 

2.01 

7.9 

14.5 

1 

142 

-28 

4966 

14  24  50 

-29  7 

23.23 

127.3 

1.14 

9.8 

10.0 

1 

143 

-28 

5132 

15  23  23 

-28  30 

23.28 

5.1 

1.02 

8.5 

14.5 

2 

144 

-29 

4230 

15  32  3 

-29  39 

23.32 

306.1 

1.26 

9.5 

13.0 

1 

145 

-39 

6898 

16  3  23 

-39  52 

22.21 

145.2 

2.69 

7.0 

12.2 

4 

146 

-41 

7500 

16  24  44 

-41  36 

21.84 

130.9 

8.64 

5.5 

13.1 

3 

147 

-34 

6932 

17  32  31 

-34  52 

22.27 

30.0 

2.90 

10.5 

12.4 

3 

148 

-35 

7104 

17  33  54 

-35  36 

22.27 

140.2 

1.46 

8.1 

10.5 

3 

149 

-36 

7524 

17  36  51 

-36  9 

22.27 

60.3 

1.79 

9.5 

10.5 

3 

150 

-29 

5858 

18  59  3 

-29  7 

22.72 

68.6 

2.14 

9.4 

13.4 

2 

151 

-28 

6768 

18  59  36 

-28  28 

22.72 

345.2 

2.48 

9.9 

11.2 

2 

152 

-28 

7200 

20  17  19 

-28  46 

22.77 

293.2 

2.87 

9.6 

10.2 

2 

153 

-28 

7393 

21  3  1 

-28  52 

22.43 

280.4 

3.70 

7.2 

13,7 

3 

154 

-29 

6534 

21  11  2 

-29  1 

22.46 

84.7 

1.57 

9.6 

10.0 

3 

155 

-32 

6410 

21  34  35 

-31  54 

22.74 

226.1 

2.42 

10.1 

10.3 

3 

156 

-34 

9062 

22  4  43 

-34  19 

22.86 

298.3 

1.32 

7.7 

13.7 

3 

157 

-35 

9288 

22  36  42 

-35  42 

22.81 

292.4 

2.25 

9.7 

12.1 

3 

158 

-35 

9456 

23  47  17 

-35  12 

22.18 

326.4 

0.57 

9.3 

11.4 

3 

Notes:  Nos.  128,  130,  136,  137,  138,  141,  142,  143,  144  will  receive  further  measures  at  the  earliest  oppor- 
tunity. Principal  star  noted  yellow  in  Nos.  121,  125;  orange,  129;  red,  150.  A47  is  AC  of  S129;  A202  is  AC 
of  5146.  

ELEMENTS   OF   ASTEROID    (1922  W  20), 

By   frank  E.   SEAGRAVE. 
T. 


E  =  1923  Feb.  8.5021  G. 

M  =  341=  39'  49".51 
o)  =  253  23  59  .19 
TT  =  152  41  32  .76 

JJ  =  259    17   33   .57 

i  =    25     8  43   .77 


M 


^  =  22°  28'  12".37 
logn  =  0.4177058 
log  q  =  0.2085528 
M  =  838".3934 
P  =  1545.813  days 


These  elements  are  based  on  three  positions  (Dec. 
22,  1922,  Feb.  8,  1923  and  Mar.  24,  1923),  published  by 
Geo.  H.  Peters  of  the  U.  S.  Naval  Observatory  in 
A.  J.  882.  This  asteroid  has  been  identified  as  the 
lost  Watson  asteroid  (132)  Aethra  by  Luther  of 
Dusseldorf.  (See  Astronomische  Nachrichten,  5241, 
1923.) 
Boston,  Matis  ,  Feb.  11,  1924. 
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OBSERVATIONS   OF  ASTEROIDS, 

MADE    WITH   THE   PHOTOGRAPHIC   TELESCOPE   OF   THE   V.  S.    NAVAL   OBSEHVATORT, 

By   GEORGE   H.    PETERS. 
[Communicateil  by  Captain  Edwin  T.  Pollock,  U.  S.  Navy,  Superintendent.] 


Mag. 

Date 

G.M.T. 

Astrographio  1925.0 
a                                 S 

O- 
a 

C 

a 

10.3 

Jan.   4 

h   m 
15  01.5 

h  m   s 

*  5  28  26.05 

+  14  30  28.2 

-T.2 

-  7 

10.3 

Jan.   6 

14  29.1 

5  27  01.87 

+  14  36  33.4 

-7.2 

-  7 

10.3 

Jan.   6 

15  IS.O 

5  39  57.92 

+  11  40  26.9 

+  0.3 

+  9 

9.7 

Jan.   6 

16  11.0 

6  03  28.90 

+  15  43  42.9 

+  2.6 

+  12 

10.3 

Jan.   7 

14  59.9 

5  39  07.65 

+  11  46  40.5 

+  0.3 

+  9 

9.7 

Jan.   7 

15  45.9 

6  02  45.86 

+  15  50  41.6 

+  2.6 

+  12 

14.1 

Jan.  24 

15  49.5 

*  9  19  17.27 

+  37  51  44.3 

-0.8 

0 

14.1 

Jan.  27 

15  25.5 

9  16  31.65 

+38  07  32.0 

-0.8 

0 

14.1 

Jan.  31 

15  46.5 

*9  12  43.32 

+  38  26  29.3 

-0.8 

0 

12.2 

June  28 

15  33.0 

16  46  39.62 

-13  29  27.2 

+  1.0 

-  6 

12.2 

June  29 

14  59.1 

16  45  54.71 

-13  32  14.1 

+  1.0 

-  6 

10.8 

July   1 

15  10.7 

16  33  58.32 

-15  23  02.9 

-0.8 

0 

10.8 

July   2 

14  35.0 

16  33  25.32 

-15  22  59.4 

-0.8 

0 

9.3 

July  25 

16  25.4 

20  36  20.19 

-16  27  05.3 

+  1.9 

+  5 

12.0 

i^ept.  24 

15  35.8 

0  16  33.76 

+  3  18  32.7 

-3.8 

-  24 

12.3 

?ept.  24 

15  35.8 

0  28  06.77 

+  2  41  53.1 

+  1.0 

0 

12.5 

Sept.  25 

10  00.4 

0  15  46.05 

+  3  13  07.8 

-3.8 

-  24 

12.3 

Sept.  25 

16  00.4 

0  27  22.47 

+  2  28  33.9 

+  1.0 

0 

12.5 

Sept.  26 

16  00.0 

*  0  14  59.30 

+  3  07  45.4 

-3.8 

-  24 

12.3 

Sept.  26 

16  00.0 

0  26  38.52 

+  2  15  29.5 

+  0.9 

0 

12.3 

Sept.  27 

16  08.3 

0  25  54.18 

+  2  02  19.7 

+  0.9 

-  1 

11.3 

Sept.  27 

17  27.8 

2  06  53.78 

-  6  42  18.6 

-0.6 

+  6 

12.3 

Sept.  28 

16  05.0 

0  25  10.06 

+  1  49  16.5 

+  0.9 

-  1 

12.5 

Sept.  29 

15  52.0 

0  12  38.96 

+  2  51  33.5 

-3.8 

-  24 

12.3 

Sept.  20 

15  52.0 

0  24  26.35 

+  1  36  20.6 

+  0.9 

-  1 

11.3 

Sept.  29 

17  05.0 

2  05  35.94 

-  6  46  24.9 

-0.6 

+  6 

12.3 

Oct.   3 

16  27.0 

0  21  30.37 

+  0  44  18.4 

+  0.9 

-  1 

11.5 

Oct.  27 

13  36.6 

*  0  10  12.44 

-  2  43  19.4 

+  5.5 

+  33 

11.3 

Oct.  27 

15  08.6 

1  43  17.67 

-  7  04  05.9 

-0.6 

+  8 

12.3 

Nov.  14 

13  41.0 

0  06  26.03 

-  5  14  41.3 

+  0.8 

+  1 

12.3 

Nov.  15 

13  37.0 

0  06  34.98 

-  5  17  46.3 

+  0.8 

+  1 

10.7 

Nov.  15 

14  52.6 

1  27  04.50 

-  5  12  25.0 

-0.2 

-  2 

10.7 

Nov.  17 

14  04.0 

1  26  07.44 

-  5  10  09.6 

-0.2 

-  2 

10.7 

Nov.  17 

14  29.5 

1  26  07.05 

-  5  10  08.4 

-0.2 

-  2 

163  Erigone 

163  Erigone 

402  Chloe 

415  Palatia   

402  Chloe 

415  Palatia 

886  Washinglonia 
886  Washinglonia 
886  Washinglonia 

487  Venelia 

487   Venelia    .... 

308  Pohjxo    

308  Pohjxo    

16  Psyche    

277  Elvira   

787  Moskva 

277  Elvira   

787  Moskva 

277  Elvira   

787  Moskva 

787  Moskva 

536  Merapi 

787  Moskva 

277  Elvira   

787  Moskva 

536  Merapi 

787  Moskva 

240  Vanadis 

536  Merapi 

787  Moskva 

787  Moskva 

92  Undina 

92  Undina 

92  Undina 
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Name 


Mag. 


Date 


G.M.T. 


Astrographic  1925.0 


787  Moskva 


67  Asia 

67  Asia    . 
925  Alphonsitid 
287  Xephthys    . 
287  NephUujs    . 
158  Koronis    .  . 

526  Jena 

569  Misa 

158  Koronis    .  . 

526  Jena 

569  Misa 

925  Alphonsina 
925  Alphonsina 
127  Johanna  .  . 
261  Prymno 

127  Johanna  .  . 
261  Prymno  .  . 
232  Russia    .  .  . 

128  Nemesis  .  . 
128  Ne7nesis  .  . 
232  Russia    . .  . 

70  Panopaea  . 

70  Panopaea  . 
628  Christine  . 
628  Christine  . 
200  Dynamene 
189  P/i</!?a  . .  . 
345  Tercidina  . 
200  Dynamene 
189  Phythia  .  . 
345  Tercidina  . 
385  Ilmatar  .  .  . 
136  yl?<sina  . .  . 
136  ilM.stna  . .  . 

72  Feronia  . .  . 
149  Medusa  .  . 
195  Eurykleia  . 

72  Feronia  . .  . 

91  ylegma 

91  Aegina  .  .  . 
195  Eurykleia  . 
302  Clarissa  .  . 
302  Clarissa    .  . 


536  Merapi 
160  f/na  .  . 
213  Li7aea  . 
160  t/na    . . 


12.3 

12.1 
12.1 
10.0 
10.9 
10.9 
12.2 
12.3 
11.6 
12.2 
12.3 
11.6 
10.0 
10.0 
10.3 
10.9 
10.3 
10.9 
12.3 
11.3 
11.3 
12.3 
10.9 
10.9 
12.4 
12.4 
10.8 
11.4 
11.2 
10.8 
11.4 
11.2 
11.0 
10.8 
10.8 
10.7 
11.7 
12.7 
10.7 
10.6 
10.6 
12.7 
13.2 
13.2 

11.8 
11.7 
12.2 
11.7 


1919 

Nov. 

18 

13  16.0 

1920 

.Jan. 

14 

15  45.5 

Jan. 

18 

14  43.0 

Jan. 

28 

14  06.5 

Fol). 

10 

14  06.0 

Fob. 

13 

13  52.3 

Fcl). 

16 

15  17.0 

Feb. 

16 

15  17.0 

Feb. 

16 

15  17.0 

Feb. 

17 

14  21.1 

Fob. 

17 

14  21.1 

Feb. 

17 

14  21.1 

Feb. 

25 

14  33.9 

Mar. 

17 

15  10.0 

Mar. 

24 

15  41.7 

Mar. 

27 

16  58.3 

Mar. 

27 

16  58.3 

Apr. 

14 

14  34.0 

Apr. 

14 

16  00.0 

Apr. 

14 

16  00.0 

Apr. 

21 

14  45.0 

Apr. 

21 

14  45.0 

Apr. 

21 

16  05.5 

Apr. 

24 

15  57.0 

Apr. 

24 

16  58.0 

Mav 

14 

15  10.0 

Sept 

13 

15  13.0 

Sept 

13 

15  13.0 

Sept 

13 

16  24.0 

Sept 

14 

14  29.0 

Sept 

14 

14  29.0 

Sept 

14 

16  25.2 

Sept 

15 

16  29.0 

Sept 

15 

16  29.0 

Sept 

17 

16  22.0 

Oct. 

5 

15  30.3 

Oct. 

5 

16  45.7 

Oct. 

5 

16  45.7 

Oct. 

11 

15  29.0 

Oct. 

13 

15  34.3 

Oct. 

14 

16  13.2 

Oct. 

15 

15  58.6 

Nov. 

12 

15  18.3 

Nov. 

13 

14  50.0 

1921 

Jan. 

3 

14  00.7 

Feb. 

14 

16  35.0 

Feb. 

11 

16  35.0 

Feb. 

15 

17  03.5 

h      m      s 

0  07  10.38 

7  04  27.67 

7  00  33.76 

'  7  48  23.02 

7  45  40.10 

7  43  32.34 

8  .50  35.32 
8  55  53.40 
8  59  37.70 
8  49  49.74 
8  55  10.94 
8  58  49.31 
7  25  35.88 
7  24  43.55 

11  58  07.67 
11  44  36.70 
11  55  23.75 

11  32  35.12 

12  54  48.24 
12  55  07.01 
12  49  46.12 

12  .50  11.91 

13  10  27.21 
13  13  34.92 
13  44  20.08 
13  29  44.76 

22  59  08.07 

23  03  21.57 
23  09  35.57 

22  58  14.31 

23  02  32.18 
23  08  44.63 
23  43  33.14 
23  55  40.54 
23  54  05.66 

0  19  24.63 
0  32  59.98 
0  36  17.03 
0  14  39.52 
0  17  37.28 
0  16  47.85 

0  27  59.59 

1  29  41.71 
1  29  01.96 

*  6  05  36.55 

*  9  .59  43.91 
10  10  45.79 

*  9  .58  47.11 


-  5  25  25.7 


+  13 
+  13 
+  20 
+  16 
+  16 
+  16 
+  17 
+  16 
+  16 
+  17 
+  16 
+  17 
+  15 
+  7 
+  8 
+  8 
+  9 
+  2 
+  2 
+  3 
+  3 
+  0 
+  0 
+  8 
+  9 

-  1 

-  0 
+  0 

-  1 

-  0 

+  6 

+  2 

+  2 

+  2 

+  5 
+ 
+ 
+ 


2 
4 
4 

+  1 
+  1 
+  4 
+  12 
+  12 


27  26.5 

36  17.1 
50  49.4 

26  56.3 

48  43.1 
46  27.0 
17  19.8 

27  32.0 

49  21.2 
21  06.4 
30  22.8 

50  41.2 
48  13.7 

56  03.9 

57  25.7 

03  00.5 
48  06.3 

53  51.0 
46  37.6 
08  02.0 
34  14.1 

37  56.9 
39  59.4 

51  43.6 
02  29.9 
46  15.1 

30  08.4 

58  04.6 
48  59.8 

37  56.3 
48  31.3 

04  11.9 

48  22.6 
25  07.3 

38  43.3 

31  44.4 
34  43.5 
43  06.6 

54  07.8 

49  50.5 
04  19.6 
31  51.4 
29  08.6 


+  38  50  25.8 
+  16  40  01.1 
+  15  56  37.0 
+  16  43  52.6 


+  0.8  +  1 

-2.9 
-2.8 
-0.2 
+  3.5 
+  3.4 
-3.0 
+  8.9 
+  0.1 
-3.0 
+  8.9 
+  0.1 
-0.2 
+  0.1 
-3.7 

0 
-3.7 
+0.2 
+  7.8 
-0.1 

0 
+  7.6 
+  0.1 
+  0.1 
-1.2 
-1.2 
-0.2 
+  5.9 
-3.6 
-0.2 
+  5.8 
-3.6 
-0.8 
+  3.4 
+  3.5 
+  0.6 
+  2.6 
-0.4 
+  0.7 
+  0.4 
+  0.4 
-0.4 
-1.7 
-1.8 

+  8.2  +  50 

-0.7  +  2 

+ 1.2  0 

-0.6  +  3 
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Mag. 


Date 

G.M.T. 

19 

21 

h   m 

Feb. 

15 

17  03.5 

June 

12 

15  43.0 

June 

14 

15  58.0 

June 

27 

15  08.0 

July 

2 

15  55.0 

July 

25 

14  29.5 

Julv 

27 

16  22.0 

Aue. 

4 

16  10.0 

Sept 

23 

15  29.0 

Sept 

28 

15  45.5 

Sept 

30 

15  57.0 

Oct. 

1 

15  59.0 

Oct. 

5 

15  44.0 

Oct. 

5 

15  44.0 

Oct. 

5 

15  44.0 

Oct. 

5 

16  59.5 

Oct. 

5 

16  59.5 

Oct. 

5 

16  59.5 

Oct. 

6 

16  53.5 

Oct. 

6 

16  53.5 

Oct. 

6 

16  53.5 

Oct. 

6 

16  53.5 

Oct. 

8 

15  52.0 

Oct. 

8 

15  52.0 

Oct. 

8 

16  50.0 

Oct. 

8 

16  50.0 

Oct. 

8 

16  50.0 

Oct. 

21 

14  37.0 

Oct. 

22 

14  34.0 

Oct. 

22 

14  34.0 

Oct. 

22 

14  34.0 

Oct. 

22 

15  47.0 

Oct. 

24 

15  13.0 

Oct. 

24 

15  13.0 

Oct. 

24 

15  13.0 

Oct. 

24 

16  27.0 

Oct. 

20 

14  45.0 

Oct. 

2G 

14  45.0 

Oct. 

26 

14  45.0 

Oct. 

28 

15  54.0 

Nov. 

4 

14  31.0 

Nov. 

4 

14  31.0 

Nov. 

4 

14  31.0 

Nov. 

7 

14  21.0 

Nov. 

21 

11  26.0 

Nov. 

21 

11  26.0 

Nov. 

22 

11  24.0 

Nov. 

22 

15  18.0 

Nov. 

25 

11  16.0 

Nov. 

25 

11  16.0 

Astrographic  1925.0 


213  Lilaea  .  .  .  . 
176  Idirna  .... 
176  Iduna  .  .  .  . 
176  Iduna   .  .  .  . 

41  Daphne  .  .  . 

41  Daphne  .  .  . 
754  (1906  VT) 
754  (1908  VT) 
123  Brunhild  . 
123  Brunhild  . 
180  Garumna 
180  Garumna  . 
1921  TF  18  ..  . 
540  Rosamnnde 
915  (1918^))  ..  . 
540  Rosamunde 

29  Amphilriie 
915  (19186)  .  .  . 
1921  W  18  ... 
540  Rosamunde 
915  (19186)  .  .  . 
161  Athor      ..  . 

29  Amphilrite 
258   Tyche  .... 

161  Athor    

540  Rosamunde 
915  (19186)  .  .  . 
258  Tyche  .... 
211  Isolda  ..  . 
368  Haidea .... 
374  Burgundia . 
248  Lameia  .  .  . 
211  Isolda  .  ..  . 
368  Haidea.  .  .  . 
374  Burgundia . 
248  Lameia  .  .  . 
211  Isolda  ..  .. 
368  Haidea .... 
374  Burgundia . 

468  Lina 

211  Isolda  .  .  . 
368  Haidea .... 
374  Burgundia  . 

468  Lina 

980  Anacoslia   . 

433  Eros    

433  Eros    

62  Erato     

980  Anacostia  . 
433  Eros    


12.2 
12.6 
12.6 
12.6 
9.3 
9.3 
13.1 
13.1 
11.5 
11.5 
13.5 
13.5 
12.6 
12.6 
13.0 
12.6 
8.8 
13.0 
12.6 
12.6 
13.0 
10.5 
8.8 
9.8 
10.5 
12.6 
13.0 
9.8 
10.9 
12.9 
12.0 
13.3 
10.9 
12.9 
12.0 
13.3 
10.9 
12.9 
12.0 
12.1 
10.9 
12.9 
12.0 
12.1 
10.5 
10.8 
10.8 
11.2 
10.5 
10.8 


10  09 

16  39 

16  38 

16  29 

18  34 

18  19 

20  13 

20  08 

23  49 

23  45 

0  40 

0  40 

0  53 

0  58 

1  03 

0  58 

1  01 
1  02 
0  53 

0  57 

1  01 
1  06 

*  0  58 

*  1  07 
1  04 
0  55 
0  59 
0  59 

0  59 

1  07 
1  14 
1  29 

0  58 

1  06 
1  12 
1  27 

0  56 

1  04 
1  11 
1  26 
0  51 
0  59 

*  1  05 

*  1  20 
22  13 
22  22 
22  23 

3  01 
22  18 
22  27 


54.69 
27.14 
01.12 
35.07 
57.19 
53.91 
55.28 
07.87 
34.40 
08.88 
54.60 
03.79 
56.70 
37.65 
02.56 
34.63 
41.30 
59.18 
06.70 
38.51 
56.10 
47.12 
50.34 
16.56 
35.12 
45.36 
48.28 
08.20 
28.32 
36.55 
12.19 
06.97 
00.21 
13.69 
41.36 
18.12 
37.03 
55.82 
14.41 
36.90 
03.99 
48.36 
18.58 
10.64 
36.04 
07.04 
29.46 
17.89 
26.56 
48.35 


+  16 
+  3 
+  3 
+  3 
+  4 
+  1 
+  9 
+  9 
+  8 
+  7 
+  5 
+  5 
+  5 
+  7 
+  7 
+  7 
+  10 
+  7 
+  5 
+  7 
+  7 
+  6 
+  10 
+  12 
+  6 
+  7 
+  7 
+  9 
+  12 
+  12 
+  11 
+  13 
+  12 
+  12 
+  11 
+  13 
+  11 
+  12 
+  11 
+  9 
+  11 
+  11 
+  10 
+  8 
+  9 
+  9 
+  9 
+  13 
+  9 
+  9 


03  15.8 
05  59.2 

11  20.4 
28  50.0 
35  30.1 
52  20.9 
58  05.0 

04  25.4 
00  06.0 

39  28.1 
37  35.0 

32  27.7 
41  59.9 

33  49.7 
56  20.2 
33  25.4 

17  .55.5 
56  15.4 
37  56.8 
24  53.8 
54  44.4 

12  33.1 

09  44.9 
21  20.1 

10  32.8 
07  47.1 
51  27.0 

10  54.3 

12  27.3 
49  25.1 
46  09.2 
49  21.9 
00  52.4 

33  54.6 
30  48.3 
35  39.0 
49  36.0 

18  52.9 
15  52.6 

11  45.2 
00  12.1 

13  35.6 
10  39.3 

35  30.5 

36  28.6 

13  41.5 

14  42.1 

34  53.4 

40  07.9 
18  55.5 


+  1.2 
-0.3 
-0.3 
-0.3 
-3.9 
-3.9 
+  0.1 
+0.1 
-0.8 
-0.8 
+  1.4 
+  1.4 
New? 
+  1.6 
+  0.5 
+  1.6 
-4.9 
+  0.5 
New? 
+  1.6 
+  0.5 
-1.4 
-5.0 
-0.2 
-1.4 
+  1.6 
+  0.5 
-0.2 
-1.3 
-0.1 
-0.6 
-6.5 
-1.4 
-0.1 
-0.6 
-6.5 
-1.4 
0.0 
-0.6 
-0.6 
-1.4 
0.0 
-0.6 
-0.6 
0.0 
0.0 
0.0 
-3.4 
0.0 
0.0 


0 
+  1 
+  1 
+  1 

-  12 

-  11 
+  6 
+  6 

-  4 

-  4 
+  9 
+  9 

+  5 
+  7 
+  5 

-  37 

+  7 

+  5 
+  7 

-  9 

-  38 
+  3 

-  9 
+  5 
+  7 
+  3 

-  10 

-  3 

-  6 

-  33 

-  10 

-  3 

-  6 

-  33 

-  10 

-  4 

-  (J 

-  4 

-  11 

-  4 

-  6 

-  4 
0 

+  2.3 
+  2.4 

-  15 

0 
+  2.7 
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Mag. 


Date 


G.M.T. 


Astrographic  1925.0 


62  Eralo     .  .  .  . 
980  Anacostia   . 
416  Vatican  a 
980  AiiacosUa  . 

433  Eros    

980  Anacostia  . 
416  Vatican  a 
980  A7iacos!ia  . 
080  Ancostia  .  . 
980  Anacostia 

980  Anacostia  . 
980  Anacostia  . 
980  Ancostia  .  . 
980  Anacostia  . 
600  Musa  .... 
980  .4  nacostia  . 

600  Musa    

189  Phthia 

743  (1913  QV). 

168  SibijUa 

239  Adrasiea.  . 

189  Phthia 

743  (1913  QV). 

168  Sibylla 

239  Adrastea.  . 
206  Hersilia.  .  . 
206  Hersilia .  .  . 
860  (1917  BD). 
536  Merapi .  .  . 
860  (1917  BD). 
536  Merapi.  .  . 
335  Roberta  .  .  . 

58  Concordia . 
536  Merapi.  .  . 
335  Roberta .  .  . 

58  Concordia . 
312  Pierretta.  . 

26  Proserpina 
357  Ninina .  .  . 
357  Ninina .  .  . 
483  Seppina .  .  . 
483  Seppina .  .  . 
729  (1912  OD) 
729  (1912  OD) 
276  Adelheid.  . 

10  Hygiea .  . .  . 
94  j4wrora . .  . . 
10  Hygiea .  .  .  . 
94  .4wrom .  .  .  . 


1 1 .2 
10.5 
12.5 
10.5 
10.8 
10.5 
12.5 
10.5 
10.5 
10.5 

10.5 
10.5 
10.5 
10.5 
13.3 
10.5 
13.3 
11.7 
12.9 
11.6 
14.0 
11.7 
12.9 
11.6 
14.0 
11.9 
11.9 
13.4 
12.2 
13.4 
12.2 
12.0 
11.4 
12.2 
12.0 
11.4 
12.4 
10.2 
12.6 
12.6 
12.6 
12.6 
12.4 
12.4 
12.2 

9.7 
11.0 

9.7 
11.0 


1921 
Nov.  25 
Nov.  29 
Nov.  29 


Dec 

Dec 

Doc 

Doc 

Dec 

Dec.  22 

Dec.  27 

1922 
Jan.  2 
Jan.  7 
Jan.  14 
Jan.  24 
Jan.  24 
Jan.  25 
Jan.  25 
Jan.  30 
Jan.  30 
Jan 
Jan 


Jan. 


30 
30 
31 
31 
Jan.  31 
Jan.  31 
Feb.  24 
Feb.  27 
Feb.  28 
Feb.  28 
Mar.  5 
Mar.  17 
Mar.  17 
Mar.  17 
Mar.  22 
Mar.  22 
Mar.  22 
Mar.  23 
Mar.  25 
May  15 
May  19 
May  24 
May  29 
June  21 
June  23 
June  23 

1923 
Sept.  10 
Sept.  16 
Sept.  17 
Sept.  17 


14  40.0 
11  12.0 
14  18.0 
11  18.0 
11  12.0 
11  12.0 

14  23.0 
10  58.0 

10  52.0 

11  08.0 

11  11.0 

10  57.0 

11  16.0 
11  34.0 

15  06.0 
11  44.4 

15  10.0 
14  42.0 
14  42.0 

16  10.0 
16  10.0 
14  27.0 

14  27.0 

15  54.0 
15  .54.0 
15  43.8 
14  26.0 

14  52.0 
10  25.0 

15  41.0 

14  17.0 

15  41.0 
15  41.0 

14  15.0 

15  40.0 

15  40.0 

16  27.0 
15  55.0 
15  17.0 

15  14.0 

16  14.0 

15  25.5 

16  14.0 

15  09.0 

16  50.0 

15  07.0 

16  17.0 

15  56.0 

16  51.0 


h  m   s 

2  59  06.06 

22  23  34.09 

3  05  28.94 

22  26  13.89 

22  10  49.08 

*22  28  57.52 

3  02  13.72 

22  37  26.60 

22  .57  23.24 

23  05  33.25 

23  15  38.05 

23  24  13.82 

23  36  37.08 

23  54  48.95 

7  17  .55.50 

*23  56  40.79 

7  17  03.67 

7  57  40.37 

*  8  03  45.64 

8  28  30.63 

8  37  51.66 

7  56  44.76 

8  02  53.83 

8  27  46.55 

8  37  00.96 

9  31  24.41 

9  29  08.52 

*  9  37  45.30 

*10  59  42.62 

9  33  36.13 

*10  46  23.55 

10  57  38.28 

*11  02  53.17 

*10  42  52.88 

10  53  29.51 

10  59  14.30 

11  24  31.01 

12  02  21.58 

14  47  45.36 

14  45  02.38 

15  29  59.19 

15  26  48.24 

16  35  59.31 

16  34  34.51 

19  05  54.45 

22  29  23.44 

23  21  15.00 

22  24  38.06 

23  20  25.48 

+  13  27  48.1 
+  9  46  01.3 
+  15  52  46.7 
+  9  49  48.8 
+  9  39  59.4 
+  9  54  16.3 
+  15  51  09.4 
+  10  10  30.5 
+  11  01  34.7 
+  11  26  31.0 

+  11  59  43.8 
+  12  29  58.8 
+  13  16  06.1 
+  14  27  55.8 
+  15  28  35.2 
+ 14  35  29.5 
+  15  34  14.2 
+  12  13  18.2 
+  13  03  32.1 
+  12  27  07.9 
+  10  .58  37.1 
+  12  17  19.2 
+  13  06  26.9 
+  12  30  14.4 
+  11  03  18.0 
+  14  45  08.3 
+  15  00  22.4 
+  7  18  19.1 
+  .34  41  24.8 
+  7  26  37.2 
+  35  10  37.4 
+  9  34  47.6 
+  7  15  21.4 
+  35  08  19.1 
+  10  07  51.0 
+  7  48  14.0 
+  7  25  29.8 

4  18  31.5 

5  45  38.8 

5  51  13.9 
4  05  38.3 
4  19  15.0 
0  0 1  59.4 
0  16  02.7 

6  28  13.8 


+ 

-  4  38  20.2 

-  7  22  08.9 

-  5  05  56.6 

-  7  24  41.3 


-3.3 
0.0 

—  2  2 
0.0 
0.0 
0.0 

-2.2 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
-0.9 
0.0 
-0.9 
+  0.8 
-3.0 
-3.3 
+  1.7 
+  0.8 
-3.0 
-3.3 
+  1.7 
-0.4 
-0.4 
-1.6 
-1.1 
-1.0 
-1.0 
-3.6 
+  0.3 
-1.1 
-3.6 
+  0.3 
-0.5 
-1.2 
+0.2 
+  0.2 
+  1.1 
+  1.0 
+  5.3 
+  5.3 
+  0.3 


-  14 

0 

-  11 

0 

+  1.7 

0 

-  11 

0 
0 
0 

0 
0 
0 

+  1 

+  2 
+  1 
+  2 
0 
+  10 
+  12 

-  5 
0 

+  10 
+  12 

+  4 
+  4 
+  14 
+  5 
+  15 
+  5 
+  19 

-  2 
+  5 
+  19 

-  2 


+ 


-  3 

-  3 

-  28 

-  28 
+  5 


+  0.1  +  1 

+  1.5  +  15 

0.0  -  1 

+  1.5  +  15 
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The  foregoing  list  of  asteroids  was  observed  by 
G.  H.  Peters  with  the  10-inch  photographic  equa- 
torial of  the  U.  S.  Naval  Observatory. 

The  Clark  driving  clock,  originally  furnished  with 
the  equatorial  mounting  of  this  telescope,  was  dis- 
carded April  5,  1921,  and  a  new  electric  driving  clock 
was  installed  which  has  been  described  and  illustrated 
in  Popular  Astronomy,  Vol.  XXX,  No.  2.  This  clock 
which  has  proven  eminently  satisfactory  from  the 
time  of  its  installation  has  been  in  use  since  June  3,  1921. 

Asteroid  (787)  Moskva  was  found  upon  a  plate 
exposed  for  (277)  Elvira.  No  ephemeris  was  available 
for  (787)  at  the  Naval  Observatory  at  that  time,  and 
suspecting  that  it  might  be  new,  from  its  rapid  decrease 
in  declination,  an  extended  series  of  observations  was 
made  from  which  to  derive  elements  of  its  orbit. 
Asteroid  (980)  Anacostia  was  also  found  by  the  observer 
on  a  plate  exposed  for  (433)  Eros,  and  since  it  is  new 
the  number  (980)  has  been  recently  assigned  to  it  liy 
the  Rechen-Institut. 

The  author  has  made  the  photographic  observations, 
examined  the  plates,  selected  and  reduced  the  com- 
parison stars  and  measured  all  of  the  jilates  containing 
these  asteroids. 

In  the  list  of  asteroids  those  marked  with  an  asterisk 
(*)  are  the  positions  resulting  from  plate  measures 
reduced  by  the  method  of  least  squares  taking  account 
of  the  center  of  gravity  of  the  group  of  stars  about  the 
asteroid.     This   is   a   form   somewhat   similar   to   that 


used  by  Wilson  and  Gingrich.*  Those  not  so  des- 
ignated have  been  reduced  by  rectangular  coordinates 
with  adjustment  for  orientation  of  the  plates  measured. 
In  most  cases  four  or  more  comparison  stars  have  been 
emplo.yed. 

Most  of  the  observations  were  reduced  in  the  Com- 
puting Division  under  the  direction  of  Miss  E.  A. 
Lamson.  The  observed  positions  have  been  compared 
with  ephemerides  and  with  available  published  ob- 
servations. In  this  work  the  motions  were  checked 
b}^  com-parison  with  those  given  in  the  ephemerides 
and  in  a  few  cases  it  was  found  necessary  to  compute 
extensions  to  these  ephemerides.  With  the  exception 
of  one  asteroid,  provisionally  designated  as  (1921  TT  18), 
all  have  been  identified. 

The  column  (0-C)  which  appears  in  the  list  repre- 
sents the  comparison  of  the  observation  with  the 
ephemeris.  The  ephemeris  used  in  most  caseg  is  that 
to  be  foimd  in  the  Oppositions-Ephemeriden  published 
by  the  Rechen-Institut.  In  a  number  of  cases  where 
later  or  better  ephemerides  could  be  found  in  the 
Circulaire  de  Marseille  or  the  Beobachtungs-Zirkidare 
the  comparison  has  been  made  with  them. 

The  last  four  observations  (in  1923)  are  of  asteroids 
which  were  observed  at  the  request  of  Prof.  A.  O. 
Leuschner.  They  are  published  in  advance  of  other 
observations  which  have  been  made,  but  not  j'et 
reduced. 

*See  Publical  ions  of  tlie  Goodsell  Observatory  of  Carleton  Col- 
lege, No.  5. 


EPHEMERIS  OF  ENCKE'S  COMET, 

By   frank  E.    SEAGRAVE. 


Loa  r 


G.  Midnight 

h  m      s 

0     ,     -/ 

July 

1 

2  18  48 

-1-21  13  24 

0.31152 

5 

2  26  6 

-f-22  2  47 

0.30242 

9 

2  33  40 

+  22  53  19 

0.29292 

13 

2  4133 

+  23  45  7 

0.28302 

17 

2  49  48 

+  24  38  9 

0.27272 

21 

2  58  29 

+  25  32  43 

0.26192 

25 

3  7  38 

+  26  28  39 

0.25064 

29 

3  17  24 

+  27  26  23 

0.23876 

Aug. 

2 

3  27  11 

+  28  22  56 

0.22636 

6 

3  38  58 

+  29  26  20 

0.21330 

10 

3  51  6 

+  30  28  35 

0.19954 

14 

4  4  23 

+  31  32  4 

0.18498 

18 

4  19  1 

+  32  36  12 

0.16956 

22 

4  35  20 

+  33  40  6 

0.15322 

26 

4  53  31 

+  34  42  11 

0.13580 

30 

5  14  5 

+  35  40  2 

0.11720 

Log  A 

0.37044 
0.35435 
0.33749 
0.31985 
0.30141 
0.28211 
0.26191 
0.24070 
0.21795 
0.19561 
0.17155 
0.14645 
0.12035 
0.09322 
0.06544 
0.03693 


1924 

a 

5 

Logr 

Log  A 

G.  Midnight 

h  m   s 

o 

/  »< 

Sept. 

3 

5  37  24 

+  36  29  53 

0.09728 

0.00812 

7 

6  3  51 

+  37 

6  14 

0.07586 

9.97952 

11 

6  33  44 

+  37 

21  31 

0.05274 

9.95187 

15 

7  7  7 

+  37 

5  56 

0.02764 

9.92620 

19 

7  43  39 

+  36 

8  9 

0.00020 

9.90388 

23 

8  22  19 

+  34  18  47 

9.97014 

9.88652 

27       9    1  44       +31  32  19       9.93696       9.87588 

Comet  should  be  found  in  Aries,  in  the  morning  sky 
during  the  first  part  of  July. 

Perihelion  passage,  October  31.894,  1924  G.  M.  T. 

It  will  be  nearest  the  Earth  on  Sej^tember  27,  1924, 
A  =  0.754. 


Boston,  Mass., 

December  28,  1923. 
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OBSERVATIONS   OF   COMET   D'\RREST-REID    (19236), 
hy  g.  van  biesbroeck. 

a)     Visual  Obsekv.\.tioxs  with   the  40-iNcn   Refr.\ctoh 


1923 

G.M.T. 

Aa 

A3 

N 

a  App. 

8  App. 

Parall. 

Dec.     I) 
Dec.   10 

14''  30"'  22' 
12    14       1 

+  0"'  25\64 
+  3     17.68' 

+  2'  26".4 
+  4   48   .4 

8-8 
25-5 

221'  54"'  55\21 
23      5     58.53 

-24°  3'    53".6 
-23    6     31  .5 

9.845 

8.767 

0.871 
0.902 

1 
2 

Comparison  Stars  {1923.0) 


No. 

a  (1923.0) 

S  (1923.0) 

Red.  a 

Red.  6 

Authority 

1 
2 

22''  54-  27''.36 
23      2     38  .65 

-24°     6'  31".2 
-23    11    31    .0 

+  2'.21 
+  2  .20 

+  11".2 
+  11    .1 

.4.  (1.  Cord  A.  15461 
A.  a.  Cord  A.  15539 

h)     Photographic  Observations  with   the  24-inch   Reflector 


1924 

G.M.T. 

1924.0 

1924.0 

Parall. 

Comparison  stars 

,1 

an.       1 

h     m      s 

12  28  11 

h      m      s 

0    2  37.48 

-17  19  19.2 

9.151 

0.874 

Hyder. 

Qh    4m_  _n°  Ng   151^  152^  165. 

1 

12  46    3 

2  38.89 

17  19    9.7 

9.243 

0.871 

Hyder. 

Qh    4m^  _i70  Ns_  151^  152^  165. 

3 

13  12  17 

7  25.17 

16  46  34.8 

9.355 

0.8()3 

Hyder. 

Qh    4m^  _i70  j^'g     95^  105^  110 

3 

13  34  11 

7  26.82 

16  46  18.6 

9.419 

0.857 

Hyder. 

0''    4"',  -17°  Ns.    95,  105,  110. 

5 

12    7  30 

12    0.03 

16  15    3.4 

9.056 

0.872 

Hyder. 

0''  12'",  -17°  Ns.  339,  331,  340. 

5 

12  27    9 

12    1.66 

16  14  49.1 

9.179 

0.870 

Hyder. 

0''  12'",  -17°  Ns.  339,  331,  340. 

23 

12  23  41 

51  59.03 

11  29    5.1 

9.294 

0.843 

A.  a.  Harv.  178 

23 

12  57    5 

52    2.16 

11  28  44.4 

9.401 

0.832 

A.  (1.  Ho 

rv.  178 

26 

12  52  20 

0  58  21.22 

-10  42  36.0 

9.402 

0.833 

A.  a.  Harv.  204,  211. 

REMARKS 


Dec.    6. 
Dec.  10. 


All  observations  are  corrected  for  refraction.     No  correction  for  aberration  is  api)licil  to  the  ]ihotographic 
positions. 

Through  clouds. 

Total  magnitude  13.     In  the  40-inch  refractor  the  comet  appears  as  a  round  nebulosity  aI)out  45"  in 
diameter,  with  only  a  slight  condensation  toward  a  14'"  nucleus. 

A  60  mill,  exposure  with  the  24-inch  reflector  by  O.  Struvk  shows  the  nebulosity  extending  as 
far  as  90"  from  the  nucleus;   its  densest  part  is  in  i>osition  angle  300°,  while  in  the  opposite  di- 
rection it  is  very  faint.     There  is  a  general  condensation  toward  the  nucleus. 
On  liie  plates  the  object  appears  as  a  very  diffuse  nebulosity  about  30"  in  diameter,  which  is  very 

difficult  to  measure.     Th(>  second  jjlatc  d(>serves  doublt^  weight.     Total  magnitude  15. 
Images  very  faint. 

Round    nebulosity    about    25"    in    diameter,    with    oiilx     very    slight  central  condensation.     Total 
magnitude  15.5. 


Jan. 

Jan. 
Jan. 


N"-  835 


THE    ASTRONOMICAL    JOURNAL 


155 


Jan.      7.     Seen  at  the  limit  of  visibility  of  the  40-inch  as  a  diffuse  nebulosity  without  nucleus.     No  comparison 

stars  near. 
Jan.    23.     The  first  plate  was  exposed  by  0.  Struvp:.     Allowance  was  made  for  the  motion  of  the  object  in 

guiding.     The  comet  appears  as  a  round  nebulosity  with  hardly  any  central  condensation,  about 

20"  in  diameter.     IMagnitude  16. 
Jan.    26.     With  guiding  for  the  motion.     A  little  central  condensation.     ^Magnitude  16. 

Yerkes  Observalory,  WilHarns  Bay,  Wis., 
February  29,  1934. 


REDUCTION   OF   OCCULTATIONS  OF   STARS  BY  THE  MOON, 

By   R.    T.    a.    INNES. 


It  is  to  be  regretted  that  very  few  of  the  occultations 
of  the  stars  by  the  Moon  actually  recorded  are  made 
any  use  of.  One  reason  for  this  is  that  the  reduction 
of  an  occultation,  unless  made  at  the  place  of  obser- 
vation, is  somew'hat  uncertain.  The  calculator  may  be 
in  doubt  as  to  the  position  of  the  telescope  and  its 
altitude,  the  sidereal  time  at  the  telescope,  etc.  For 
these,  and  perhaps  other  reasons,  unreduced  occul- 
tations are  often  lost  to  science.  Yet  the  observations 
have  considerable  value.  Their  only  uncertainty 
to-day  arises  from  the  irregularities  of  the  Moon's  edge 
and  in  the  mean  of  a  series  the  errors  so  arising  will  be 
eliminated. 

Since  the  beginning  of  this  year,  Brown's  Tables 
have  been  used  for  the  Ephemerides  given  in  the 
Nautical  Almanac  and  the  American  Ephenieris. 
It  is  therefore  desirable  to  have  as  complete  a  record  of 
observation  as  possible  so  as  to  make  the  comparison 
from  day  to  day  as  exact  as  possible.  Occultations  can 
materially  assist  and  add  to  the  results  which  will  be 
derived  from  meridian  observations. 

In  the  hope  that  observers  may  be  tempted  to  reduce 
their  observations,  I  give  the  formulas  made  use  of  here. 
They  make  no  claim  to  novelty,  but  I  claim  that  they 
give  the  excess  of  the  star's  distance  over  the  Moon's 
radius  with  precision  and  cannot  be  excelled  for  brevity 
or  accuracy.  Having  this  excess  {(t'  —  c)  we  go  directly 
to  the  quantity  Av  wanted  by  the  investigator,  namelj' 
the  error  in  orbital  longitude.  It  is  assumed  that  the 
error  perpendicular  to  the  orbit  is  insensible. 

Occultations:    Working  formulae 

T  =  Greenwich  Time  of  Observation 
a  and  S  =  Moon's  R.  A.  and  Dec.  from  the  Ephemeris 
for  the  time  T 
a'  and  6'  =  Star's  apparent  place 

6  =  Local  Sidereal  Time  at  the  Telescope 
w  =  Moon's  Parallax  as  given  in  the  Ephemeris 
for  the  time  T. 
tt"  =  7r-0".16. 


!p'  =  Distance  from  centre  of  Earlk  including 
the  effect  of  altitude. 
¥>'  =  Geocentric  Latitude. 
(These  are  generally  given  in  the  American 
Ephemeris. 

X"   =  A'  X  tt"  Y"  =    Y  X  tt" 

cr  =  tt'    [9.43536]   =   Semi-diameter  of  Moon 
Use  5-figurc  logarithms 


a;  =  15  {a— ay  (OS  5 

y  =  (8'-  5)  -  [4.385]  x= 
sin  5'/cos  5 

^  =  X"  sin  (e-a) 

1}  =  }'"    cos    5'    —    X" 

sin  6' cos  {d  —  a) 


Then 


tan  X  = 


X  +  ^ 


Diminish  the  numerical  values 
of  (a'  —  o)  and  of  (a'  —  6)  as 
follows : 

From  0"  to  2286"  by  0".0 
From  2287  to  3365  by  0  .1 
From  3366  to  3996  by  0  .2 
From  3997    to  4470    by  0  .3 


l  =  Angle  of  occultation 


and 


Put 


X  +   i  _  y  -\-  V  _  i  Observed  distance  of  star  and  Moon's 
sin   X         cos  X        '         centre  at  time  of  occultation. 


Aa  =  Variation  of  a  in  1  min.  at  time  T 
A8  =  Variation  of  5  in  1  min.  at  time  T 


Then 


tan  p    = 


15  Aa   (OS  5 
A5 


p  =  Direction  of  Moon's  motion. 


and  the  error  in  orbital  longitude  in  the  sense  0 — C  is 
Av  =  {a'  -  a) /(OS  (x  -  p) 
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Lastly,  if  the  zenith  distance  is  very  great  the  fol- 
lowing corrections  should  be  applied  to  the  fifth 
decimals  of  the  logarithms  of  X"  and  }'". 


Zenith  Distance 

Correction 

72°  to  84° 

+  1 

85   to  86 

+  2 

87° 

+3 

88 

+4 

89 

+5 

89°  to  89° 

24' 

+8 

This  is  the  correction  for  refraction  with  which 
Hansen  puzzled  Gauss. 

It  might  be  remarked  that  if  more  than  one  occul- 
tation  has  been  observed,  the  correction  Av  should 
be  derived  differently.  The  cosine  of  x~  P  then 
becomes  the  weight  of  the  observation.  Thus  on 
1923,  August  16,  five  occultations  were  observed 
giving 

<r'-(7  cos(x-p) 


Sums 


+  7".l 

0.702 

6  .7 

0.840 

5  .0 

0.437 

7   .5 

0.938 

6  .9 

0.822 

+33  .2 

3.739  . 

.  Av  = 

+  8".9 

Similarly  6  occultations  on  the  17th,  and  6  on  the 
evenings  of  18,  19  and  20th  gave  respectively  +8". 8 
and  +8".9. 

If  many  occultations  on  one  night  well  distributed 
around  the  Moon's  edge  are  available,  it  may  be  worth 
while  also  solving  for  A/8,  the  perpendicular  distance 
of  the  Moon  from  its  computed  orbit;  if  so  we  shall 
have  equations  of  the  form 

cr'  — (T  =  Ay  cos  {x~  p)  +Aj3  sin  (x  — p) 

which  should  be  solved  by  least  squares. 

The  accuracy  aimed  at  is  ±0".l  which  is  a  little 
more  than  is  possible  with  tabular  lunar  places  to 
O.Ol  sec.  and  0".l  in  a  and  d. 

The  quantity  tt"  =  tt  —  O'Mfi  is  the  sine  of  the 
Moon's  parallax  multiplied  by  the  radian  in  seconds. 

mo)  ''^''^'  '' 

just  as  easily  computed. 

p  is  used  with  two  different  meanings,  but  there  is 
no  clashing. 

If  in  the  formula  for  x  we  replace  log  15  =  1.17609 
by  1.17608,  the  correction  to  (a'  —  a)  may  be  omitted 
with  almost  equal  accuracy. 

The  use  of  Zech's  Addition  and  Sulistraction 
Logarithms  slightly  shortens  the  work  and  increases 
its  accuracy. 

Union  Observatory,  Johannesburg,  South  Africa, 
February  4,  192 4. 


Much    more    rigorously 


1 


THE   PROPER-MOTION   OF  B.  D. 

By  L.   J.  COMRIE. 


■8°    5980, 


The  P.  M.  of  this  star  is  of  some  small  interest, 
firstly  because  it  exceeds  50"  a  ccnturj^  and  secondly 
because  the  star  lies  near  the  ecliptic  and  was  sug- 
gested as  a  comparison  star  for  Uranus  during  the 
opposition  of  1922.  An  approximate  value  of  the 
P.  M.  was  given  in  Journal  of  the  British  Astronomical 
Association,  XXXII,  182  by  the  writer,  who  was  not 
then  aware  of  a  similar  value  published  by  Batter- 
MANN  in  Berliner  Beohachtungs-Ergebnisse  No.  10. 

Professor  Tucker  kindlj'  observed  the  star  at  the 
end  of  1922  with  the  transit  circle  of  the  Lick  Observatory, 
while  Sr.  Herrero,  of  San  Fernando,  communicated 
two  unpublished  astrographic  i)Ositions.     The  solution 


below  is  based  on  all  the  material  now  available. 
Systematic  corrections  have  been  applied  to  reduce 
the  observations  to  th(\  Boss  system. 

A  least  sciuare  solution  gives  for  l!)()0-0 


a       22''  50"  33" -40 
0    -   8°  21'    l6"-4 


M.  +  0^-0372 
HI  -0"-000 


The  total  annual  P.M.  is  0"-555  in  P. A.  96°-2. 


Sprout  Observatory,  Swarthinore,  Pa., 
1924  March  24- 
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THE    PARALLAX   AND   THE   ORBITAL  MOTION   OF   f  URS^  MAJORIS,* 

By   carl   L.    STEARNS. 


This  star  is  a  well-known  visual  binary  with  a  period 
of  59.8  years.  The  visual  magnitudes  of  the  two 
components  are  4.4  and  4.9,  and  their  masses  are 
approximately  equal,!  each  being  about  half  that  of 
the  Sun.  The  spectra  are  given  in  the  Henry  Draper 
Catalogue  as  GO.  This  is  one  of  the  few  visual  binaries 
which  have  made  complete  revolutions  since  their 
discovery,  and  it  has  the  distinction  of  being  the  first 
doul)lc   star  to  have   its  orbit   computed,   this  having 


been  done  by  Savary  in  1828.  Since  that  time  ob- 
servers and  computers  have  devoted  much  attention 
to  the  system, with  the  result  that  it  has  been  found 
to  be  triple  instead  of  double.  The  first  evidence  of 
the  presence  of  a  third  body  in  the  system  was  obtained 
in  1900,  when  Wright|  announced  that  the  brighter 
component  was  a  spectroscopic  binary  with  a  period 
of  1.8  years;  and  in  1905  N6rlund§  in  computing  the 
orbit  of  the  visual  pair,  found  that  the  motion  was  not 


TABLE  I 


Brighter  Component 

Fainter  Component 

Plate  No. 
and 

Date 

Hour 

angle 

Parallax 

factor 

Time 

Weight 

Remarks 

observer 

Corrected 

Corrected 

Solution 

Solution 

Resid. 

Solution 

Solution 

Resid. 

min. 

clays 

mm. 

mm. 

, 

mm. 

mm. 

, 

, 

907J 

1914  Dec. 

21 

—  7 

+0.88 

-  507 

0.5 

+0.0805 

+0.0805 

-0.061 

+0.0831 

+0.0831 

+0.025 

1005H 

1915  Jan. 

4 

-34 

+  .82 

-  493 

1.0 

+ 

833 

+      833 

+ 

9 

+ 

765 

+      765 

— 

45 

1072J 

9 

-20 

+  .78 

-  488 

1.0 

+ 

845 

+      846 

+ 

39 

+ 

795 

+      794 

+ 

9 

1972.J 

Mav 

5 

+  19 

-   .78 

-  372 

1.0 

+ 

546 

+      551 

— 

36 

+ 

532 

+      527 

+ 

3 

2005H 

10 

+24 

-   .83 

-  367 

1.0 

+ 

578 

+      583 

+ 

22 

+ 

544 

+      539 

+ 

34 

Foiu-  exposures 

5252T 

191(5  Apr. 

30 

+  9 

-  .73 

-     11 

1.0 

+ 

358 

+      374 

- 

4 

+ 

233 

+      217 

- 

57 

Four  exposures 

5282  D 

May 

7 

+12 

-  .81 

-       4 

1.0 

+ 

344 

+      360 

— 

7 

+ 

263 

+      247 

+ 

7 

5301J 

8 

0 

-   .82 

-       3 

0.7 

+ 

356 

+      372 

+ 

12 

+ 

300 

+      284 

+ 

66 

8412T 

1917  Jan. 

1 

+  10 

+  .83 

+  235 

0.8 

+ 

212 

+      233 

- 

29 

+ 

294 

+      273 

+ 

41 

858011 

24 

0 

+  .62 

+  258 

0.5 

+ 

209 

+      230 

+ 

25 

+ 

162 

+      141 

- 

91 

9302h 

-May 

9 

+21 

-   .82 

+  363 

0.8 

0 

+        22 

+ 

6 

_ 

18 

40 

— 

3 

Two  exposures 

9310T 

10 

+  17 

-  .83 

+  364 

0.8 

— 

16 

+          6 

- 

16 

— 

41 

63 

- 

35 

9363T 

15 

+  13 

-  .86 

+  369 

0.8 

+ 

10 

+        32 

+ 

31 

- 

19 

41 

+ 

7 

11590C 

Dec. 

17 

0 

+  .89 

+  585 

0.7 

+ 

52 

+        75 

+ 

35 

+ 

7 

16 

— 

3 

11891J 

1918  Jan. 

20 

0 

+  .66 

+  619 

0.7 

- 

36 

13 

- 

34 

- 

112 

35 

+ 

45 

201 14J 

1920  May 

1 

+  2 

—   .75 

+  1451 

1.0 

_ 

769 

-      765 

+ 

12 

_ 

849 

-      853 

+ 

6 

20147J 

3 

0 

—   .77 

+  14.53 

1.0 

— 

772 

-      768 

+ 

13 

— 

851 

-      855 

+ 

6 

20216J 

7 

0 

-   .81 

+  1457 

1.0 

~ 

807 

-      803 

~ 

25 

"■ 

873 

-      877 

" 

15 

*a  =  HI'  Vi"',     =  +32°  6'  (1900). 

jBoss,  Preliminary  General  Catalogue,  p.  269. 


lAslrophysical  Journal,    12,  254,    1900,   and   Lick   Obserralory 
Bulletin  133. 

iAstronomische  Naclirichtcn  4064. 
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Fic.    1.      Residuals  from  i)reliininary  solutions.     Brighter  component  aliove,  fainter  component  below. 


purely  elliptical  but  showed  perturbations  with  a 
period  of  1.8  years,  indicating  that  the  orbital  motion 
of  the  spectroscopic  system  has  sufficient  amplitude 
to  be  observed  visually.  HertzsprungI  confirmed 
Norlund's  discovery  by  means  of  a  large  number  of 
photographic  observations  made  at  Potsdam  and 
showed  that  the  motion  could  be  well  accounted  for  by 
supposing  one  of  the  visual  components  to  be  revolving 
in  a  small  circidar  orbit  of  radius  0".05  and  inclination 
about  90°.  The  position  angle  of  the  major  axis  of 
the  apparent  ellipse  is  about  135°. 

The  determination  of  the  parallax  of  this  system 
given  below  is  based  on  eighteen  jilates  taken  at  the 
Allegheny  Observatory  and  measured  by  the  writer 
at  the  Yale  Observatory.  The  preceding  star,  which 
is  also  the  brighter,  is  No.  644  in  the  Allegheny  parallax 
.series;  the  following  comjionent  is  No.  645.  The 
plates,  which  are  described  in  Table  I,  were  measured 
in  right  ascension  and  reduced  according  to  the  method 
of  dependences,  taking  into  consideration  both  the 
primarj'  orbital  motion  of  59.8  j'ears  period  and  the 
secondary  oscillation  of  the  brighter  component  of 
1.8  years  period.  The  plate  solutions  (usually  desig- 
nated by  m)  were  corrected  for  the  long-period  motion 
by  means  of  Norlund's  elements  and  when  thus  cor- 
rected are  designated  by  m'.  They  are  contained  in 
the  eighth  and  eleventh  columns  of  Table  L  Three 
^Astronomische  Nachrichlen  4976. 


exposures  were  measured  on  each  plate  unless  other- 
wise stated. 

Three  comparison  stars  were  used,  the  rectangular 
coordinates  of  which  referred  to  the  parallax  star  are  as 
follows:  in  X,  —66mm.,  —26mm.,  +46mm.;  in  }', 
—  7mm.,  —69mm.,  -)-69mm.  The  dependences  are 
.138,  .424,  and  .438.  The  quantity  +0.2002  mm.  was 
added  to  the  plate  solutions  for  the  brighter  component 
in  order  to  avoid  the  use  of  large  numbers.  The  mean 
photographic  magnitude  of  the  comparison  stars, 
estimated  from  the  magnitudes  of  the  parallax  stars 
and  the  sector  opening  recpiired  to  reduce  their  mean 
to  apparent  equality  with  the  mean  of  the  comparison 
stars,  is  11.0. 

Least-squares  solutions  were  made  for  the  parallax 
and  pro])er  motion  of  both  components.  The  residuals, 
which  are  plotted  in  Figure  1,  leave  no  doubt  as  to 
which  star  is  affected  by  the  secondary  oscillation. 
Each  circle  in  the  diagram  represents  the  weighted 
mean  of  all  the  plates  of  a  single  season.  A  sine  curve 
of  period  1.8  j'ears  and  amplitude  0".051  fits  the  re- 
siduals of  the  brighter  star  very  well,  as  shown  in  the 
figure,  confirming  Norlund's  and  Hertzsprung's 
results,  while  the  residuals  of  the  fainter  star  are  almost 
equally  well  satisfied  by  a  straight  line. 

In  order  to  free  the  parallax  from  the  effect  of  this 
periodic  motion,  a  second  solution  was  made  for  the 
brighter  star,  introducing  perodic  terms.     If  we  assume 
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+  6.79     -0.55 

+  8.50 


that  the  secondary  orbit  is  circular,  we  may  represent 
the  projected  motion  in  right  ascension  by  sine  and 
cosine  terms,  and  the  equations  of  condition  will  then 
have  the  form 

c  +  a  sm4>  +  b  cos  0  +  <^  +  Pit  =  m', 

where  4>  is  the  phase  angle  reckoned  from  1914.5  with  a 
period  of  1.8  j'ears.  The  normal  equations  and  their 
solutions  for  both  stars  are  as  follows: 

No.  644.     Brighter  Component 

+  15.30C  +5.20«   -1.476  +  44.06^    -   3.977r 

=  +0.2266 
+  24.62     +  0.33 

=  +0.0168 
+     8.90     +  0.93 

=  -0.0870 
+  812.79     -36.35 

=  -4.7324 
+  9.71 

=  +0.2044 

c  =  +0.0393 

a  =  -0.00006 

b  =  +0.00362 

M  =  -0.00762 

TT  =  +0.00823 

Probable  error  for  unit  weight, 

±0.0013mm.  =  ±0".019 
Annual  proper  motion  in  R.  A.,  —  0".406±0".0027 

Relative  parallax,  +0".  120  ± 0".007 

No.  645.     Fainter  Component 


+  15.30c  +  44.06m 

+  812.79     -36.35 
+  9.71 


3.977r  =  +0.1257 
=  -5.1251 
=  +0.2535 


c  =  +0.0330 
M  =  -0.00759 

TT    =    +0.0112 

Proliable  error  for  unit  weight, 

±  0.0016mm.  =  ±0".023 

Annual  proper  motion  in  R.  A.,        —  0".404  ±0".0034 

Relative  parallax,  +0".164  ±0".008 


Other  determinations  of  the  parallax  of  this  star  are: 
Yale  (heliomcter),  +0".179  =t0".032;  Abetti  (meridan 
circle),  +0".128  ±0".036;  Flint  (meridian  clrde). 
+  0".168  ±0".031;  Mt.  Wilson  (spectroscopic), 
+  0".126  ±0".023  for  the  brighter  component,  and 
+  0".120  ±0".022  for  the  fainter;  Greenwich 
(dynamical),  +0".130  ±0.023;  Lockyer  (spectro- 
scopic), +0".110.  Boss  gives  for  the  proper-motion 
in  right  ascension,  —  0".421. 

When  the  coefficients  of  the  periodic  terms  in  the 
above  solution  (a  and  b)  are  expressed  in  seconds  of 
arc,  the  secondary  oscillation  in  right  ascension  of  the 
brighter  component  is  represented  by  the  following 
expression : 

0".053  cos  (<^  +  l°) 

Hebtzsprung  founil  0".037  for  the  amplitude  of  this 
notion. 

TABLE  II 

Position       probable  Probable 

Date         Weiglit         Angle  Error       Separation       Error 


1915.00 
15.35 
16.34 
17.03 
17.36 
18.00 
20.34 
21.18 


2.5 
2.0 
2.7 
1.3 
2.4 
1.4 
3.0 
2.0 


113.3 
114.2 
111.0 
110.0 
109.3 
107.7 
101.9 
100.7 


=  0.29 
.32 
.29 
.42 
.31 
.42 
.29 
.38 


3.12 
3.17 
2.99 
3.16 
3.06 
2.98 
2.88 
2.83 


=  0.018 
21 
18 
25 
19 
25 
17 
21 


The  plates  used  in  the  determination  of  the  parallax, 
together  with  two  later  plates  that  were  not  received 
until  the  computations  were  well  advanced,  were 
measured  in  both  right-ascension  and  declination.  The 
measures  in  the  two  coordinates  yield  values  of  the 
position  angle  and  separation  of  the  visual  pair,  and 
these  are  listed  in  Table  II.  The  plates  of  each  par- 
allax season  are  combined  by  weight  to  give  a  single 
value  of  the  position  angle  and  separation. 

Yak  University  Observatory, 
March  8,  WU- 


THE   INTER-RELATIONS   OF  THE   ASTEROID   ELEMENTS, 

By   SAMUEL   G.    BARTON. 


The  present  paper  is  a  slight  extension  of  that  con- 
tained in  A.  J.  No.  702.  The  following  misprints 
occur  there:    page  42,  last  line,  for  770",  read  766"; 


page  47,  line  11,  for  11  of  4°,  read  10.  of  4°;  page  48, 
in  the  number  column  in  the  table  for  i,  read  3  in 
place  of  8  for  inclination  26°. 
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The  asteroids  have  since  been  arranged  aceording 
to  magnitude,  g,  for  each  0.1  magnitude.  The  results 
are  shown  in  the  following  table  and  in  the  graph.  The 
values  are  plotted  from  </  =  7.0  to  </  =  10.5.  There 
are  57  asteroids  with  g  less  than  7.0,  and  83  with  g 
greater  than  10.5.  The  values  corresponding  to  these 
groups  are  indicated  by  the  crosses.  There  are  usually 
more  asteroids  for  the  even  and  half  magnitudes  than 
for  the  odd  tenths,  no  doubt  representing  a  prejudice 
on  the  part  of  the  computer,  oj  shows  a  slight  decrease 
with  increasing  g,  corresponding  to  a  decrease  of  oi 
with  an  increase  of  ju.     The     S2 -curve  has  a  decided 


wave  form  not  suggested  in  the  plot  in  the  S2 -curves. 
The  reason  is  not  apparent.  /  decreases  with  g  except 
for  large  values  of  g.  A  similar  relation  is  seen  in  the 
plot  of  the  i-curves.  The  very  small  i  for  large  g 
appears  to  be  accidental.  The  ;u-curvc  is  very  regular 
to  g  =  10.0,  where  there  is  a  sharp  increase  in  n.  The 
regular  part  seems  to  show  that  the  large  and  small 
asteroids  are  scattered  about  uniformly.  (See  the 
discussion  of  the  yu-curves  on  this  point).  The  exclu- 
sion of  the  smaller  asteroids  from  the  outer  parts  of  the 
zone  explains  the  rise  at  the  end. 


Summary  for 

g 

No. 

mo 

9 

r 

(U 

9, 

i 

•^ 

M 

No. 

OTo 

0 

t: 

(0 

9. 

i 

<P 

^' 

2 

7.0 

4.0 

200 

108 

92 

8.8 

4.8 

874 

18 

12.8 

9.1 

195 

182 

133 

9.8 

10.2 

738 

1 

8.0 

4.5 

122 

309 

173 

34.7 

13.8 

709 

20 

12.9 

9.2 

129 

201 

103 

9.9 

7.4 

737 

3 

9.2 

5.4 

113 

244 

230 

10.4 

9.6 

098 

24 

13.0 

9.3 

190 

194 

102 

8.0 

0.9 

728 

1 

8.7 

5.5 

56 

245 

171 

13.0 

14.8 

813 

19 

13.0 

9.4 

159 

183 

184 

8.6 

0.5 

750 

2 

8.4 

5.8 

29 

189 

200 

10.2 

12.4 

951 

24 

12.8 

9.5 

189 

214 

170 

8.2 

0.9 

814 

2 

11.1 

5.9 

181 

264 

97 

12.6 

8.0 

505 

19 

13.1 

9.0 

170 

178 

163 

9.0 

8.6 

755 

2 

9.6 

0.0 

8 

273 

95 

9.4 

5.8 

739 

17 

13.2 

9.7 

163 

183 

192 

7.7 

8.1 

709 

2 

9.4 

0.1 

57 

206 

212 

9.9 

5.0 

792 

15 

13.2 

9.8 

103 

129 

202 

9.0 

8.1 

770 

2 

10.2 

0.2 

71 

323 

107 

11.2 

10.0 

087 

9 

13.7 

9.9 

103 

157 

180 

5.9 

11.5 

092 

4 

9.8 

0.3 

144 

101 

133 

11.7 

7.0 

700 

10 

13.2 

10.0 

119 

152 

192 

0.6 

7.5 

853 

4 

11.1 

6.4 

194 

134 

239 

15.8 

9.0 

507 

8 

13.4 

10.1 

173 

189 

164 

5.0 

8.5 

809 

6 

10.2 

6.5 

124 

197 

166 

11.8 

7.2 

742 

17 

13.4 

10.2 

205 

169 

163 

8.4 

9.7 

849 

8 

10.2 

6.6 

84 

199 

154 

12.9 

10.0 

739 

9 

13.2 

10.3 

200 

153 
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10.7 

8.4 

885 

7 
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179 

169 
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173 

213 
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8.3 

050 

3 
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10.7 

223 
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180 

136 
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781 
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237 

215 
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12 
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7.2 
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200 
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184 
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The  classification  of  the  asteroids  with  respect  to  /x 
and  i  has  been  extended  to  inchide  all  asteroids  avail- 
able, 978  in  all.  The  additional  data  was  taken  from 
Kleine  Planeten  for  1917  and  A.  N.  Nos.  4972, 
5030,  5077,  5143  and  5202.  The  small  inclinations  for 
large  values  of  ii,  mentioned  in  the  previous  discussion, 
are  even  more  conspicuous  with  the  larger  number  as 
many    more    asteroids    are     added     in     this    region. 


HiRAYAMA  in  Appendix  11  of  Annales  de  L'Observatoire 
Astronomique  de  Tokyo  explains  the  peculiarity  on  the 
basis  of  the  secular  perturbations  due  to  Jupiter. 
These  asteroids  constitute  a  large  family,  which  he 
calls  the  Flora  family.  The  asteroid  region  ends  on 
the  side  of  the  sun  with  remarkable  abruptness.  The 
complete  information  is  given  in  the  following  tables: 


Summary 
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78 

56 

21 
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3 
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6.5 
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250 

275 

300 

400 

425 

450 

500 

525 

550 

575 

600 

625 

650 

675 

700 

725 

750 

775 

800 

825 

850 

875 

900 
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950 

975 

1000 

1025 

1050 

1075 

1100 

1300 

2000 


The  distribution  of  the  centers  of  the  orbits,  found 
by  averaging  a  sin  0  for  each  10°  of  tt,  is  shown  in  the 
following  table.  The  general  average  value  of  o  sin  <\> 
is  0.413.     The  relations  to  the  perihelion  of  Jupiter 
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63 

193 

197 

167 

10 

9.0 

772 

54 

177 

198 

179 

11 

8.3 

772 

47 

175 

193 

158 

12 

10.2 

731 

42 

146 

164 

170 

13 

7.6 

754 

41 

165 

146 

187 

14 

8.7 

779 

39 

185 

189 

181 

15 

9.1 

751 

19 

234 

151 

178 

16 

9.6 

721 

11 

179 

156 

154 

17 

8.6 

686 

25 

171 

194 

164 

18 

10.7 

701 

12 

223 

213 

219 

19 

7.7 

712 

10 

233 

180 

197 

20 

8.6 

667 

12 

132 

171 

201 

21 

9.0 

686 

5 

160 

189 

115 

22 

10.3 

776 

8 

197 

233 

189 

23 

13.4 

882 

4 

140 

295 

115 

24 

12.5 

753 

11 

135 

143 

188 

25 

9.9 

800 

3 

83 

123 

80 

26 

14.2 

656 

1 

31 

57 

334 

27 

14.8 

690 

1 

204 

140 

64 

28 

5.6 

683 

1 

104 

309 

156 

29 

13.0 

839 

2 

175 

118 

237 

32 

14.9 

831 

2 

187 

182 

186 

34 

12.4 

762 

1 

78 

56 

21 

43 

40.8 

260 

mentioned  in  the  previous  discussion  of  the  ir-curves 
and  those  described  by  Newcomb,*  appear  clearly. 

*  Encyclopedia  BrUnnnka,  Vol.  21,  page  718. 
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No. 

IT 

a  sin  <^ 

No. 

TT 

a  sin  (f) 

No. 

TT 

a. sin 

44 

0° 

.46 

24 

120° 

.33 

16 

240° 

.35 

52 

10 

.43 

18 

130 

.34 

27 

250 

.35 

49 

20 

.46 

24 

140 

.34 

23 

260 

.35 

37 

30 

.43 

15 

150 

.31 

21 

270 

.42 

41 

40 

.49 

17 

160 

.33 

26 

280 

.45 

36 

50 

.41 

10 

170 

.29 

19 

290 

.39 

36 

60 

.42 

10 

180 

.27 

25 

300 

.49 

25 

70 

.34 

21 

190 

.29 

40 

310 

.43 

24 

SO 

.49 

14 

200 

.39 

41 

320 

.43 

31 

90 

.42 

16 

210 

.38 

44 

330 

.49 

27 

100 

.39 

15 

220 

.39 

32 

340 

.47 

19 

110 

.36 

17 

230 

.30 

42 

350 

.49 

836 


The  average  elements  for  the  978  a.steroids  are: 


=  171° 

i     =  9°.6 

=  177° 

^    =  8°.6 

=  171° 

M     =  781" 

Flower  Observatory,  Universili/  of  Pennsylvania, 
Upper  Darby,  Pa., 
March  6,  19U- 


OBSERVATIONS   OF   MINOR  PLANETS, 

MADE   AT   ANN    ARBOR   WITH   THE    1234    INCH    REFRACTOR   OF  THE    DETROIT   OBSERVATORY, 

By  R.  a.  ROSSITER,  O.  L.  DUSTHEIMER,  L.  A.  SEARS,  P.  A.  SMITH,  and  H.  F.  SCHIEFER. 


1922 

G.  M.  T. 

* 

No. 
Comp. 

Planet 
Aa 

-* 

A5 

Planet's  Apparent 
a                            5 

LogpA 
for  a          for  5 

Ob.sr. 

(1) 

Ceres 

h     m      s 

m      s 

,     ,. 

h     m      s 

o            ,            „ 

Apr.    18 

16  20  41.9 

1 

10, 

10 

+  0  32.73 

+ 

7  41.7 

14  23  12.13 

-    0  36  32.0 

9.308« 

0.775 

R 

18 

16  36  50.6 

1 

10, 

10 

+  0  32.14 

+ 

7  46.1 

14  23  11.54 

-   0  36  27.5 

9.245n 

0.775 

Bm 

21 

14  5127.6 

2 

11, 

11 

-0  42.25 

+ 
(6) 

8  19.2 
Hehe 

14  20  36.48 

-    0  30    1.0 

9.500« 

0.773 

R 

28 

17  33  54.0 

3 

10, 

10 

+  0  18.88 

_ 

1  26.0 

14  16    3.79 

+   9    7  41.0 

8.213 

0.682 

R 

29 

14  27  16.5 

3 

10, 

10 

-0  27.29 

(3 

+ 
9)    ' 

2  47.8 
Laeliiia 

14  15  17.62 

+   9  11  54.9 

9.48  Iw 

0.704 

R 

July    21 

17  12  54.9 

4 

12, 

10 

+  0  27.91 

+ 

2  53.4 

19  33    4.93 

-10  16  42.5 

7.492 

0.842 

R 

21 

17  41  29.3 

4 

11, 

13 

+  0  26.81 

+ 

2  47.3 

19  33    3.83 

-10  16  48.6 

8.765 

0.842 

D 

24 

15  59  27.8 

5 

10, 

11 

+  0  10.59 

- 

2  33.4 

19  30  38.35 

-10  33    7.7 

9.042m 

0.842 

R 

24 

16  22  23.7 

5 

12, 

11 

+  0    9.68 

- 

2  38.9 

19  30  37.47 

-10  33  13.2 

8.823n 

0.843 

Se 

24 

16  51  19.0 

5 

12, 

16 

+  0    8.68 

- 

2  45.7 

19  30  36.47 

-10  33  20.0 

8.04371 

0.844 

D 

25 

16    7    8.9 

6 

10, 

10 

+  0  28.55 

- 

1  19.3 

19  29  .50.77 

-10  38  52.9 

8.939n 

0.843 

D 

25 

16  32  32.6 

6 

11, 

10 

+  0  26.23 

- 

126.9 

19  29  48.45 

-10  39    0.5 

8.582ri 

0.844 

Se 
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G.  M.  T. 


No. 
Comp. 


Planet  —  -^ 

Aa  A5 


Planet's  apparent 


Log  pA 
for  a  for  6 


Obsr. 


(39)   Laetiiia     •{Continued) 


July 


25 

16  47  50.8 

26 

16  23  46.3 

26 

16  34  39.3 

29 

17  15  10.6 

29 

17  40  39.8 

29 

18    2  12.9 

30 

15  18  21.1 

30 

15  30  50.4 

Oct. 


30      16  33  45.1 


6 

10,  10 

6 

..,    5 

6 

11,  .  . 

7 

10,  11 

7 

14,  11 

7 

13,  12 

8 

10,  11 

8 

10,  11 

8 

12,  13 

+  0  25.62 

-0  33.32 
-0  19.03 
-0  19  85 
-0  20.39 
+  0  7.26 
+  0    6.75 


- 

130.4 

+ 

3  59.8 

+ 

7  22.3 

+ 

7  17.4 

+ 

7  11.2 

- 

2    7.9 

- 

2  11.3 

- 

2  27.7 

19  29  47.84 

19  28  48.92 
19  26  36.59 
19  26  35.77 
19  26  35.23 
19  25  54.78 
19  25  54.27 


12,  13      +0    4.74       -    2  27.7      19  25  52.26 


0  39    4.0 
0  33  33.8 


2  52.7 

2  57.6 

3  3.8 
8  25.9 
8  29.3 
8  45.7 


7.936n 

0.845 

0.844 

8.497n 

8.928 

0.845 

9.122 

0.843 

9.225 

0.841 

9.104n 

0.844 

8.999n 

0.845 

7.296n 

0.847 

(40)  Harmonia 


15  25  44.4 

9 

10,  10 

15  50  40.0 

9 

10,  10 

15  15  49.3 

10 

10,  11 

15  42  32.0 

10 

11,  11 

6.84 
7.81 
0.69 
0.92 


+ 

5  29.2 

+ 

5  24.2 

- 

4  23.1 

- 

4  29.4 

0  37  52.11 
0  37  51.14 
0  35  13.67 
0  35  13.44 


4  17  50.9 
4  17  55.9 
4  29  19.0 
4  29  25.3 


9.171/1 

0.802 

9.01  l»i 

0.803 

9.146n 

0.803 

8.960n 

0.804 

R 
D 
D 

Se 
D 
R 
R 
D 
Se 


R 

Sc 
R 
Sc 


(8)  Flora 
30  I  16  57  29.3  |  11   |     9,  10  j    -0  39.95  |   +    1  10.2  |     2  36    7.88  |   +   2  35  12.2  |  8.864«   |  0.748  |  Sc 

(3)  Juno 
Nov.  10  I  15  15  28.4  I  12  |  10,  10  i   -0  36.46  I   +  0  57.0  i     3  20    5.41   I   -   3  47  34.2  I  9.402?i  I  0.844  I  Sc 


R.   A.   RossiTER  =  R, 

H.   F.  SCHIEFER    =   Sc. 


0.    L.     DUSTHEIMEE    =    D, 


L.  A.   Sears  =  iSe, 


P.   A.  Smith  =  Sin, 


Mean  Places  for  1922  of  Comparison  Stars 


* 

Red.  to 

Red.  to 

a 

App.  PI. 

5 

App.  PI. 

Authority 

h      m       s 

s 

o              /              /< 

„ 

1 

14    22    37.11 

+  2.29 

-    0  44     6.4 

-   7.3 

A.  G.  Nicolajew  3740 

2 

14  21   16.42 

+  2.31 

-   0  38  12.9 

-   7.3 

A.  G.  Nicolajew  3737 

3 

14  15  42.66 

+  2.25 

+  99  13.6 

-   6.6 

A.  G.  Leipzig  II  6665 

4. 

19  32  33.76 

+  3.26 

-10  19  53.1 

+  17.2 

A.  G.  Harvard  6877 

5 

19  30  24.48 

+3.28 

-10  30  51.5 

+  17.2 

A.  G.  Harvard  6865 

6 

19  29   18.93 

+  3.29 

-10  37  50.8 

+  17.2 

A.  G.  Harvard  6854 

7 

19  26  52.31 

+  3.31 

-11   10  32.2 

+  17.2 

A.  G.  Harvard  6836 

8 

19  25  44.21 

+  3.31 

-11     6  35.2 

+  17.2 

A.  G.  Harvard  6820 

9 

0  37  55.45 

+3.50 

-  4  23  40.9 

+  20.8 

A.  G.  Strassburg  148 

10 

0  35  10.86 

+  3.50 

-   4  25  16.7 

+  20.8 

A.  G.  Strassburg  131 

11 

2  36  44.06 

+3.77 

+  2  33  49.0 

+  13.0 

Albany  743 

12 

3  20  38.13 

+  3.74 

-   3  48  39.9 

+  8.7 

A.  G.  Strassburg  814 

Delroil  Observatory,  Ann  Arbor  Michigan, 

February  8,  19^4. 
Communicated  by  R.  A.  Rossiter,  Assistant  Professor  of  Astronomy. 
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OBSERVATIONS  OF  ASTEROIDS, 

WITH    THE  26-INCH    REFRACTOR  OF   THE   U.  S.    NAVAL  OBSERVATORY, 

By  ERNEST  CLARE   BOWER. 
[Communicated  by  Captain  Edwin  T.  Pollock,  U.  S.  Navy,  Superintendent.] 


G.  M.  T. 

App.  a              App.  3 

Obj.-* 

Comp. 

loRPp 

bC 
Ap.  pi.  red.  of  "^    '3 

* 

1  Ceres 

h      m     8                     0       /        </ 

s                      '         " 

s                        " 

1923  June     9.84871 

21  18  21.87  -24  32    7.2 

+40.42  +0  51.9 

rflO, 

8 

9.067H  0.891 

+  1.71  +17.2 

P 

1 

20.79346 

21  17  42.07  -25  28  52.0 

-15.79  +0  20.2 

dlO, 

8 

9.286m  0.886 

+  2.05  +18.6 

V 

2 

30.75649 

21  14  31.33  -26  30  24.7 

-29.18  -8    9.8 

dlO, 

8 

9.336W  0.886 

+  2.37  +19.5 

f 

3 

•lulv      7.71144 

21  10  53.98  -27  16  56.1 

+  3.86  - 1  52.9 

d\2, 

10 

9.454n  0.875 

+  2.55  +19.8 

V 

4 

AuR.     7.67408 

20  45  27.36  -30  26    2.5 

+  11.92  -4  15.9 

rflO, 

8 

8.969ft  0.912 

+  3.18  +18.3 

I 

5 

13.66424 

20  40    7.71  -30  50  14.7 

-36..57  -5    4.5 

dlO, 

8 

8.772?i  0.915 

+  3.24  +17.6 

P 

6 

Sept.     1.57784 

20  26  37.21  -31  28  14.4 

+  30.12  -5    5.5 

dlO, 

9 

9.156n  0.911 

+  3.19  +15.0 

f 

7 

11.60690 

20  22  35.08  -31  25  56.6 

-38.80  +3  51.4 

dlO, 

8 

8.737    0.916 

+  3.10  +13.8 

g 

8 

17.60096 

20  21  25.08  -31  18  18.3 

-26.56  +2  43.7 

dlO, 

8 

8.964    0.915 

+3.02  +13.3 

9 

9 

2  Pallas 

1923  Apr.     9.81665 

19    2    7.48  +14  25  33.5 

-   3.24  -2  57.3 

rflO, 

8 

9.565ft  0.629 

+  0.70  -   2.7 

f 

10 

10.85594 

19    2  37.94  +14  36    1.8 

-   5.23  +1  25.7 

rflO, 

8 

9.444n  0.594 

+  0.73  -   2.7 

f 

11 

16.83449 

19    5  10.25  +15  36  27.1 

-14.60  +1  31.4 

rflO, 

9 

9.470/1  0.586 

+  0.86  -   2.5 

p 

12 

3  Juno 

1923  Apr.   26.55003  1    5  55  42.53+14    6  45.0 

-   8.16  -1  13.9  1  rflO, 

8  1  9.634    0.668 

-0.07  -11.5  1/ 

13 

Mean  Places  of  Comparison  Stars  for  Beginning  of  Year 


* 

a 

5 

Authority 

* 

a 

b 

Authority 

1 

2 

h     m      s 
21  17  39.74 
21  17  55.81 

-24  33  16.3 
-25  29  31.4 

Cordoba  A  14724 
Cordoba  A  14727 

10 

h      m       s 

19    2  10.02 

+  14  28  33.5 

,   ,     „     ^+14.1904,  23 
^^■^"' ^"'"1+15.1900,  373 

3 

4 

21  14  58.14 
21  10  47.57 

-26  22  34.4 
-27  15  23.0 

Cordoba  A  14701 
Cordoba  B  13977 

11 

19    2  42.44 

+  14  34  38.8 

.   ,     ,.        +14.1904,  39 
'^*"'^"'i +15.1900,  388 

5 

20  45  12.26 

-30  22    4.9 

Cordoba  B  13711 

I  +15.1900,  218 

6 

20  40  41.04 

-30  45  27.8 

Cordoba  B  13659 

12 

19    5  23.99 

+  15  34  58.2 

Astr  Borl  +15.1908,  12 

7 

20  26    3.90 

-31  23  23.9 

Astr  Per  -32.2024,  335 

(  +16.1904,  312 

8 
9 

20  23  10.78 
20  21  48.62 

-31  30    1.8 
-31  21  15.3 

Astr  Per  -32.2024,  311 
Aslr  Per  -32.2024,343 

13 

5  55  50.76 

+  14    8  10.4 

,   ,    p     ^+14.0552,  3.53 
-^■*  ^'"1+15.0556,  372 

U.  S.  Naval  Observatory,  Washington,  D.  C, 
19H  March  6. 
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FAINT   STARS   OF  APPRECIABLE   PROPER-MOTION, 

MEASURED    ON    PLATES    TAKEN    WITH    THE    26-INCH    MCCORMICK    REFRACTOR, 

Bv    HAROLD    L.    ALDEN    and    P.    VAN    DE    KAMP. 


In  the  course  of  the  measurement  of  over  1900  faint 
stars  in  the  fields  of  Boss  stars  included  in  the  Mc- 
CoRMicK  parallax  program,  the  following  stars  have 
been  measured  whose  proper-motion  is  equal  to  or 
greater  than  ten  seconds  of  arc  per  century.  They 
are  given  here  in  advance  of  the  detailed  publication. 

Relative  proper-motions  were  derived  from  two  or 
more  pairs  of  plates  separated  bj^  an  average  interval 
of  7.6  years.  On  the  average  six  comparison  stars 
w-ere  used  for  the  detern  inations  of  the  plate  constants. 
Since  the  nean  distance  of  the  proper-motion  stars 
from  the  center  of  the  plate  was  17',  errors  in  the 
plate  constants  will  affect  the  relative  proper-motions. 
The  relative  proper-motion  in  each  case  has  been 
reduced  to  absolute  proper-motion  on  the  system  of 
Boss'  Prelimincry  General  Catalogue  by  applying  the 
difference  betveen  the  absolute  proper-motion  of  the 
Boss  star  and  its  relative  proper-motion  as  found  on 
the  same   plates.     The   catalogue   motions   were    cor- 


rected for  the  quantities  given  on  page  XXVIII  of 
the  Introduction.  The  average  probable  error  of  the 
final  proper-motion  given  below  is  ±0".010  in  each 
coordinate. 

The  following  table  gives  the  essential  data  regarding 
the  stars.  The  first  three  columns  give  the  serial, 
B.  D.,  and  Draper  Catalogue  numbers.  Columns 
four  and  five  give  the  right  ascension  and  declination 
for  1900.  These  were  obtained  by  applying  to  the 
position  of  the  Boss  star  the  measured  difference  in 
each  coordinate.  The  next  column  contains  the 
photovisual  magnitude  and  spectral  type.  The  latter 
has  been  taken  from  the  Draper  Catalogue,  those 
in  the  last  three  hours  of  right  ascension  having 
been  kindly  furnished  by  13r.  Shapley  in  advance 
of  publication.  The  magnitudes  were  derived  from 
rceasurements  of  diameters  of  the  star  images  and 
are  on  the  Harvard  system.  The  next  four  columns 
give  the  absolute  proper-motion  in  right  ascension  and 


No. 

B.  D. 

H.  D. 

1900 

Mag.  and 
Spectrum 

Absolute  Proper-motion 

Boss 
No. 

Meas. 
by 

1 
1 

R.  A. 

Decl. 

R.  A. 

Decl. 

Total 

P 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

-25    221 
+  30      89 
+  30      96 
+  54    234 
4  14    229 
-16    301 
+   2    418 
+   3    423 
+  41  1053 

+   5  1731 
+   7  2031 
+24  2210 
+  20  2465 
-11  2916 

3404 
3790 

10785 

61127 
91816 

h     m 

0  31.9 
0  33.5 

0  35.5 

1  4.3 

1  25.5 
140.4 

2  37.3 
2  57.8 

4  58.4 

5  9.9 

7  32.8 

8  43.1 
10  11.4 
10  14.2 
10  31.0 

-25     2 
+  30  28 
+  30  34 
+  54  45 
+  15    3 
-16  23 
+   2  57 
+  3  32 
+41  14 
+45  45 
+   5  49 
+  6  51 
+  24    9 
+  20  22 
-11  23 

7'"8     GO 

9.6 

8.0     F5 
10.6 
11.4 

8.5    GO 
10.2 

9.3 
10.6 
10.3 

8.2    GO 
10.3 
10.5 
10.0 

7.9    KO 

+  0.008 

-  .223 
+   .144 
+   .170 
+   .421 
+    .285 

-  .151 
+   .104 
+   .100 
+    .086 

-  .175 
+  .237 

-  .086 

-  .490 
+   .14: 

-0.198 

-  .071 
+   .05: 

-  .018 

-  .066 

-  .185 

-  .152 

-  .048 

-  .108 

-  .407 

-  .159 

-  .424 

-  .053 

-  .026 

-  .26: 

0.198 
.234 
.15: 
.171 
.426 
.340 
.214 
.115 
.147 
.416 
.237 
.486 
.101 
.491 
.30: 

178 
252 
71 
96 
99 
123 
225 
115 
137 
168 
228 
151 
238 
267 
152 

127 

132 

132 

264 

335 

391 

622 

691 

1204 

1216 

2008 

2354 

2730 

2742 

2822 

A 
K 
K 
A 
K 
A 
A 
A 
K 
A 
A 
K 
K 
A 
K 

a 

a.h 
b 
a 

b 

a,c 
a 
a 

d 

a 
b 
b 
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1900 


R.  A. 


Decl. 


Mag.  and 
Spectrum 


Absolute  Proper-motion 


R.  A. 


Decl. 


Total 


Boss 
No. 


Meas. 
by 


+  38 

-  4 
-17 

—  22 
+   4 


2288 
3128 
3811 
3557 
2760 


+  15 
+  16 


2915 
2846 


+  62 
+  27 
-15 
+  35) 


1476 
2891 
5634 
4161 


+  15  4251 


+  15 
+  62 
-17 
+  29 


•1257 
1916 
6339 
4742 


115559 


+  2 
+  5 


4646 
5244 


148226 


197913 
198109 


206033 
215274 


224660 


11  48.8 
13  4.5 
13  12.8 
13  13.8 
13  28.7 
15  24.5 
15  42.6 
15  51.0 

15  52.0 

16  21.5 

17  43.7 
20  15.9 
20  19.3 
20  31.5 

U0  41.5 
^20  41.5 

20  43.0 

21  12.8 

21  34.2 

22  38.9 

22  43.8 

23  11.4 
23  54.6 


+  38  32 
-  5  10 
-17  47 
-22  30 
+  4  25 
+  59  28 
+  15  28 
+  16  8 
+  15  49 
+  61  55 
+  27  50 
-15  17 
+  40  8 
+  14  27 
+  15  33 
+  15  33 
+  15  53 
+  62  25 
-17  1 
+  29  34 
+  24  8 
+  2  41 
+  G  7 


10.4 
9.0 

8.7 


GO 


8.4 
11.0 

9.4 
10.2 
11.0 
12.0 
10.0 
10.2 
10.8 

8.8  G5 

9.8 
10.1 
10.4 
lO.C. 

7.4 

8.2 

7.5 

9.6 

9.7 


KO 

F8 


KO 

r<5 


K5 


-  .177 
.00 

-  .123 

-  .334 

-  .025 
+  .008 
+  .16: 

-  .003 
+  .057 
+  .138 

-  .149 
+  .101 
+  .042 
+  .131 
+  .106 
+  .109 
+  .114 
+  .132 
+  .017 
+  .237 
+  .169 
+  .129 

-  .022 


-  .078 

-  .10: 

-  .144 

-  .066 

-  .096 

-  .138 

-  .36: 

-  .110 

-  .157 
+  .024 

-  .208 

-  .083 
+  .106 

-  .154 
+  .104 
+  .085 

-  .037 
+  .294 

-  .166 
+  .012 
+  .015 
+  .030 

-  .178 


.193 
.10: 
.189 
.340 
.099 
.138 
.39: 
.110 
.167 
.140 
.256 
.131 
.114 
.202 
.148 
.138 
.120 
.322 
.173 
.241 
.170 
.132 
.179 


246 

181 

221 

259 

195 

177 

156 

182 

160 

80 

216 

129 

22 

140 

46 

52 

108 

24 

164 

80 

85 

77 

187 


3112 
3409 
3448 
3449 
3506 
3936 
4009 
4055 
4055 
4192 
4497 
5216 
5229 
5291 
5335 
5335 
5335 
5480 
5562 
5865 
5885 
5988 
6156 


(i,e. 
",./■ 


0,6 


declination,  the  total  proiier-inotion  and  its  position 
angle.  The  last  three  columns  give  the  Boss  number 
of  the  star  by  means  of  which  the  position  and  absolute 
proper-motion  were  determined,  the  initial  of  the  meas- 
urer, and  references  to  the  notes  that  follow  the  table. 
The  magnitudes  of  the  stars  in  this  list  range  from 
7.4  to  12.0.  The  spectral  types  which  are  known  are 
all  F5  or  "later".  Probably  all  the  stars  are  dwarfs. 
Grouping  the  stars  according  to  size  of  the  total  projjcr- 
lEotion,  we  have  the  following  numbers  and  fre- 
qi'cncies  based  on  a  total  of  1905  stars  measured. 


Total  Proper-motion 
0".i0  to  0".50 
0  .30  to  0  .40 
0  ,20  to  0  .30 
0   .10  to  0   .20 


Number 
I 


(i 
23 


Per  cent  Mean  Magnitude 

0.2  10.5 

0.3  9.2 

0.3  9.4 

1.2  9.6 


The  first  three  groups  are  probaljly  coniijletc.  I'rom 
this  we  conclude  that,  if  the  1905  stars  measured  are 
representative  of  the  whole  sky,  at  least  two  per-cent 
of  the  stars  between  the  magnitudes  8  and  11  have 
total  i?roper-.i  otions  in  excess  of  0".10  per  year. 

McCormick  Observatory,  University,  Yircjiiiia, 
April  10,  1924. 


REMARKS 

a.  Used  as  a  comparison  star  for  the  McCormick 
determination  of  the  relative  parallax  of  the  Boss  star. 

b.  Proper-motions    for    the    following    stars    have 
been  found  in  Cincinnati  Publications,  18. 


No.     Cin.  No.       ^j,  cos  5 


2 
3 

6 
14 
15 
26 


79 

88 

242 

1244 

1279 

236S 


-0".203 


.157 
.278 
.487 
.167 
.13: 


-O'MIO 
+      .021 

-  .179 

-  .039 

-  .259 

-  .21: 


Tota: 
Cin. 

0".231 
.157 
.331 
.490 
.308 


or, 


!j: 


McC. 
0".234 
.15: 
.340 
.491 
.30: 
.256 


c.  Proix'r-motion  same  as  that  of  y  Ccti.  See 
article  in  this  Jonnuil. 

(I.  I''niuiHJELM's  companion  to  I'lipcUd.  ^{'v  A.  N. 
4715,  181. 

c.  Proper-motion  is  the  same  in  direction  but  only 
one-eighth  that  of  61  Virgini><.  '1  he  notion  is  par- 
allactic in  direction  but  not  in  amount.  May  be 
moving  in  space  parallel  to  61   Virginia. 

f.     See  A.  J.  33,  168,  1921. 
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DISTANT   COMPANION   OF  y  CETI, 

By    HAROLD    L.    ALDEN. 


7  Ceti  (1900:  — R.  A.  2^  38"M,  Decl.  +2°  49')  is 
a  double  star,  2  299.  The  components  are  of  magni- 
tude 3.6  and  6.8  and  separated  by  a  distance  of  3"  in 
position  angle  290°.  The  relative  motion  of  the  pair 
is  very  small  so  that  the  system  belongs  to  the  61 
Cygni  class.  According  to  the  Preliminary  Ceneral 
Cnt(ilo(/ue  of  Bos.s,  the  proper-motion  of  the  bright 
star  is  —  ()".144  ±".001S  in  right  ascension  and 
-  0".152  ±".0016  in  declination. 

On  plates  taken  with  the  26-inch  McCormick 
refractor,  it  has  been  found  that  a  star  of  photovisual 
magnitude  10.2  shares  the  ii.otion  of  the  Strxivp: 
double.  1  his  star  is  14'. 0  from  y  Celi,  the  position 
for  1900  being:  — R.  A.  2'>  37'". 3,  Decl.  +2°  57'.  It 
is  B.  D.  4-2°  418.  Two  good  jilates  taken  on  August 
24,  1923  were  compared  with  four  early  plates  taken 
in  August  and  i^eptember  1914  and  1915.  The  early 
plates   were   of  poor  quality   and    the   opening  of  the 


rotating  sector  was  not  srall  enough  to  eliminate 
completely  the  effect  of  the  fainter  star  of  the  close 
double.  Only  six  con;parison  stars  were  available  for 
the  determination  of  the  plate  constants  and  their 
distribution  v\as  not  such  as  to  give  very  accurate 
cables  of  these  quantities.  Under  the  circumstances 
the  relative  proper-motions  from  the  various  pairs 
of  |)lates  agree  as  well  as  could  be  expected. 

1  he  following  table  gives  the  essential  data  regarding 
the  relative  proper-motions,  the  weighted  means,  and 
the  computed  probable  errors  for  both  y  Ceti  and  the 
distant  co  r.panion.  The  probable  errors  of  the  mean 
relative  ii  otions  have  been  computed  in  each  case 
from  the  foi  r  residuals  and  the  assigned  weights.  The 
probable  error  of  a  proper-motion  in  one  coordinate  to 
be  expecteti  from  the  known  probable  erit)r  of  a  plate 
of  unit  weight,  the  weights  of  the  jjlates,  and  the  tirre 
interval  is  of  the  order  of  ±0".005. 


Plates 

Relative  Proper-motion 

Intorval 
Years 

Wciglit 

y  Ceti 

Distant  Companion 

lij  cos  5                               ii5 

Mj  eos  a 

fS 

14874-  221 

14875-  222 
14874-1586 
14875-1035 

8.956 
8.956 
7.997 
7.956 

0.7 
0.7 
1.0 
0.9 

-0.106 

.114 

.122 
.140 

-0.130 
.144 
.120 
.112 

-0.121 
.126 
.115 
.152 

-0.121 
.125 
.113 
.141 

Weighted  mean 
Probable  error 

-0.121 
±    .0048 

-0.125 
±    .0045 

-0.128 
±   .0057 

-0.125 
±    .0012 

Absolute  jiroper-motion 
Probable  error 

-0.144 
±    .0018 

-0.152 
-1-    .0016 

-0.151 
±   .0077 

-0.152 
±    .0064 

The  absolute  proper-m.otion  of  y  Ceti  has  been 
inserted  in  the  table  for  comparison.  The  absolute 
motion  of  the  distant  companion  has  been  obtained  by 
api^lying  to  the  relative  motion  in  each  coordinate  the 
difference  between  the  relative  and  absolute  proper- 
n.otion  of  the  Boss  star.  The  proper-notions  of 
7  Ceti  and  the  distant  star  are  equal  w  ithin  the  lin  its 
of  the  probable  errors.  Since  the  direction  of  the 
motion  is  nearly  at  right  angles  to  the  parallactic 
motion,  we  have  added  reason  for  believing  that  the 
stars  have  a  common  motion  in  space.  It  seens 
quite  probable  therefore  that  7  Ceti  is  another  of  the 
triple  systems  of  which  j'  Ursae  Mfijoris  is  the  classical 
example. 

live  parallaxes  have  been  published  for  7  Ceti.     The 


w  eighted  u  ean  of  these  gives  an  absolute  parallax  of 
about  0".04.  .Assuiring  this  to  be  correct,  the  com- 
ponents of  the  close  double  are  separated  about  seventy- 
five  astronon  ical  units.  This  is  two  and  one  half 
till  es  the  irean  distance  of  the  planet  Neptune  from 
the  Sun.  The  third  member  of  the  system  is  distant 
21,000  astronomical  units  or  one  third  of  a  light-year. 
The  absolute  magnitudes  of  the  stars  are  1.6,  4.8, 
and  8.2.  According  to  the  Draper  Catalague,  the 
brightest  star  is  of  spectral  type  A2.  The  absolute 
magnitudes  of  the  fainter  stars  correspond  to  dwarf 
stars  of  spectral  types  G  and  A'  or  M,  on  the  assuinji- 
tion  of  normal  m.ass  and  luminosity. 

The  faint  star  was  used  as  a  comparison  star  at  the 
AUeghenj'  and  McCormick  Observatories  for  deriving 
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the  parallax  of  7  Ce'i.  Since  its  parallax  is  iirobahly 
of  the  san^e  order  of  size  as  that  of  7  Ceti,  the  roduclion 
from  relative  to  ahsolute  ]iarallax  for  these  two  deter- 


minations is  larger  than  the  quantity  visually  aiiplied. 

McCormick  Observalorij,  UniversUy,   Virginia, 
April  10.  W2J,. 


OBSERVATIONS  OF  EROS, 

with  tlik  40-inch  refractor  of  the  yerkes  observatory, 
By  G.   V.\N   BIESBROECK. 


1923-24 

G.M.T. 

\a 

M 

n 

a  ap|). 

5  app. 

Parall. 

* 

h      m      s 

m      s 

1     1, 

h     m      s 

0     /      ., 

Oct.     19 

19  19  35 

-3  53.69 

+2  38.1 

25-5 

7  58  53.52 

+  37  43  13.9 

9.713n 

0.528 

1 

Oct.    23 

20  57  54 

-5  30.12 

-1  37.2 

25-5 

8  15  50.06 

36  54    9.1 

9.59271 

0.310 

2 

Nov.    9 

19  55  39 

-0  12.38 

-0  33.5 

8-8 

9  23  35.86 

31  42  28.2 

9.653n 

0.537 

3 

Nov.  19 

19  44  20 

+  0    3.96 

-3    1.0 

8-8 

10    0  18.91 

27  20  29.0 

9.633m 

0.585 

4 

Nov.  27 

21  25  23 

-1  11.18 

-4    3.6 

25-5 

10  27  54.97 

23    9  44.9 

9.461n 

0.535 

5 

Dec.     5 

22  29    9 

+  1  42.58 

-4  45.7 

20-4 

10  53  34.91 

+  18  28  41.5 

9.182ra 

0.567 

6 

Jan.      8 

22    7  49 

H-l  14.77 

-3  42.3 

25-5 

12  22    5.55 

-   5  17  16.7 

9.035n 

0.811 

7 

Jan.    16 

23  54  21 

+  2    3.15 

-2  35.7 

20-4 

12  38  22.47 

-11  20  41.4 

9.087 

0.847 

8 

Jan.    23 

22     1  29 

+  0  28.79 

-2  15.9 

25-5 

12  50  44.10 

-16  28  53.8 

8.819 

0.875 

9 

Jan.    29 

22  31  38 

+  0  57.60 

-2  39.9 

25-5 

13    0    6.27 

-20  50  53.9 

8.332 

0.894 

10 

Feb.    13 

21  23  10 

+  3  53.29 

-0  13.9 

25-5 

13  16  19.19 

-30  55  21.6 

8.513 

0.925 

11 

Comparison  Stars 


* 

1923.C 

- 1924.0 

loc.  app. 

Autliority 

1 

h       m       s 

8     2  44.95 

+  37  40  55.4 

+  2^26    -19.7 

.4.  G.  Lu.  4106. 

2 

8  21    17.97 

36  56     6.6 

2.21    -20.3 

Prayer  3138. 

3 

9  23  46.07 

31  43  23.6 

2.17    -21.9 

Prayer  3511. 

4 

10     0  12.38 

27  23  52.2 

2.17    -22.0 

Ahbadia  6035. 

5 

10  29     3.95 

23  14  10.5 

2.20    -22.0 

Abbadia  6035. 

6 

10  51   50.08 

+  18  33  48.8 

+  2.25    -21.6 

Abbadia  6174. 

7 

12  20  50.82 

-   5  13  36.9 

-0.04    +   2.5 

.4.  G.  Strb.  4576. 

8 

12  36   19.14 

-11    18     9.2 

+  0.18         3.5 

A .  G.  llarv.  4582. 

9 

12  50   14.94 

-16  28  53.8 

0.37          4.3 

Hijdcr.  ph.  -17°35074. 

10 

12  59     8.11 

-20  48   18.9 

0.56          4.9 

A.  G.  Aly.  5012. 

11 

13   12  25.57 

-30  55   13.1 

+  0.91    +   5.4 

Gou.  Z.  13''590. 

Remarks 

The  object  was  located  by  means  of  the  ephemeris  supplied  by  F.  Seagrave  (P.  A.  Vol.  31,  p.  602  and  Vol. 
32,  p.  64).     After  the  last  date  it  was  considered  as  too  far  south  for  accurate  measurement. 

E.stimated  brightnesses:  Oct.  19  and  23  =  11"'. 5  (C);  Nov.  9  =  10"';  Dec.  5  =  10'";  Jan.  16  =  9"'.5; 
Jan.  23  =  10"';   Feb.  13  =  9"'.5. 


Williams  Bay,  Wisconsin, 
March  10,  19S4- 
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OCCULTATIONS   BY  THE   MOON,    1923, 

OBSERVED   WITH   THE   26   AND    12-INCH   HEFRACTORS   OF  THE   U.  S.    NAVAL  OBSERVATORY, 

By   ASAPH   HALL  and   ERNEST   CLARE    BOWER. 
[Communicated  by  Captain  Edwin  T.  Pollock,  U.  S.  Navy,  Superintendent  of  U.  S.  Naval  Observatory. 


Date 


Object 


26-Inch 


12-Inch 


Pow'i 


1923 
Jan.  10 
12 
19 
29 
30 

30 

Feb.    23 

Mar.    4 

20 

24 


Q>B  Lib  .  .  . 
Venits  .  .  , 
150fi  Aqr 
26  Gem    .  . 
162B  Gem 

162B  Gew 
70  Tail  .  . 
91G  Vir  .  . 
25  Ari.  .  .  . 
130  Tan     . 


May 


130  Tan 

J  Leo .  .  . 

48  Leo .  . 

49  Lib    . 
49  Lib    . 


June 


Juh 


27 
Aug.  30 
30 
.30 
30 

Sept.    2 
2 


90B  Oph 
90fi  O-ph 
ISIB  Sgr 
187S  Sgr 
HOB  Gen) 

2G7B  Sgr 
20,1  B  Sgr 
6  Vir .... 
49  Lib  .  . 
y  Tau  .  . 


27B  Vir  . 
27B  Vir  . 
38  Vir .  .  . 
267B  Sgr 
GIB  Cap 

GIB  Cap 

39«  Ari  . 
39B  Ari  . 
64  Cet  .  . 
64  Cet    .  . 


71  Tau 
e^  Tau 


13  46  15.4 

14  45  24.8 
2  22  44.8 

1146  57.2 

7  24  52.4 

8  9  19. 

9  48  58.2 
10  41  20.5 

7  37  42.5 

8  49  9 

10  2  30.3 
10  47  41.6 
14  7  0.3 
14  54  10.5 
16  11  43.1 

13  33  51.3 

14  41  45.8 


18  26  26.6 

19  17  34.5 

6  29  24.8 
15  12  45 

10  47  27.9 

11  3147.7 
11  36  48.4 

11  53  38.9 

7  47  36.4 

8  43  8.4 

9  56  16.9 
10  25  37.2 
13  40  27.3 

12  17  44.9 

13  35  4.7 

10  53  43.0 
12  1  26.4 


11  38  17.1 

17  23  58.1 

18  45  56.5 
16  39  46.0 

14  9  34.3 
23  13  52.2 

15  32  47.6 

15  50  46.5 

16  0  49.5 
16  13  0.0 

19  12  29.6 

20  37  47.1 

21  40  39.0 

22  53  29.3 
2  47  28.1 
4  10  3.3 


7  51  37.2 

12  45  14.8 
14  6  59.7 
10  38  35.8 
7  57  1.0 
16  4  47.0 

7  49  34.7 

8  7  30.6 
8  13  36.0 
7  58  13.2 

10  53  17.4 

12  18  21.0 

11  721.8 

12  20  0.1 

16  13  20.6 

17  35  42.3 


sd 
115  h 

k 
12  c 
II 

120  sc 

k 
12  w 

k 


10 


h  m   s 

13  46  15.4 


II  m   s 

18  26  26.6 


2  22  44.8 


6  29  24.8 


24  52.6 


8  9  18.1 


10  47  28.2 


11  31  46.3 


7  37  42.7 

8  49  9.8 


10  2  29.1 


7  47  36.7 

8  43  8.5 


9  56  15.7 


14  7  0.3 
16  11  43.1 


13  40  27.3 
1 3  35  4.8 


14  41  45.8 
17  46  39.0 
19  12  3.4 


12  1  26.3 
14  57  57.4 
16  23  ' 


110 

uh 

11  h 

120 
11 

12  c  8d 

11 
120 
120 
vl 
h 

120 
h 
11  h 
e2  B 
11  B 


17  23  57.5 
IS  45  50.7 


12  45  14.2 
14  6  59.9 


14  9  34.3 
23  13  52.0 


15  32  47.6 
15  50  45.5 


7  57  1.0 
16  4  46.7 


7  49  34.7 

8  7  29.6 


19  12  29.1 


10  53  17.0 


21  40  40.7 

22  53  29.5 
2  47  30.2 


11  7  23.4 

12  20  0.3 
16  13  22.7 


22  32  57.7 


11  47  44.2 


183 


Hl 


22  19  3.7 
22  32  57.6 


11  33  52.4 
11  47  44.1 


160b 
115 
115 
160b 

196 
115 

160b 

196 

1601 


1601 
160b 
115 


160b 
115 


115 
115 


115 
115 


100b 


160b 

115 

160b 


115 
160b 


±10f 
11 


B   12 


130  ±20  fc 


11,4k 
11  k 

130  ±20 

11  c 

1 


U- 


20 


12 

140  ±20  A 


±20 


=  20 


1  k 
±10 
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Date 


Object 


26-Inch 


12-Inch 


1923 


2 

2 
29 
29 
29 

29 

Oct.      2 

2 

17 
17 

20 

20 

27 

Nov.    2 

2 

3 

3 

20 

20 

20 

20 
20 
24 
24 
Dec.    12 

12 
18 
18 
24 
24 


d-  Tail 
0'  Tail 
fl>  7(11/ 


264B  Tflw. 

Taw.    .  .  . 

48  Tau    .  . 

48  Tau    .  . 
7  Tail    .  . . 


7  Tau    . . 
74B  Gem . 
74fi  Gem 
615  Cap 
61/:?  Cap 


(t>  A  (f  .  .  .  . 
<t>  Aqr  .  .  .  . 
318B  Tau. 
A  Leo  .  .  . 
A  Leo    .  .  . 


Leo  . . 
c  Leo  .  . 
39fi  Ari 
39B  Ari 
64  Cet    . 


Get  ...  . 

Cet 

115  Tau  . 
115  Tau  . 
1517?  Cap 

151/i  Cap 

Cet  ... 
85  Cet  ... 
f  Gem  .  .  .  . 
f  Gem .... 


23  34  22.3 
22  37  47.7 


12  48  58.7 
1 1  52  33.3 


0  25  37.4 


13  40  5.4 


183 
183 


183 


Hl 


23  34  22.3 

22  37  48.2 

23  28  49.0 

0  25  37.8 
3  15  32.9 


2  5  43.4 

3  1  16.0 

5  22  20.8 

G  2  46.5 

157  9.1 

2  24  46.2 

19  57  46.2 

21  24  8.6 

22  34  41.0 
0  2  15.9 
8  33  28.8 

7  0  11.3 

8  0  11.8 

6  30  25.7 

7  23  27.0 

23  0  21.0 

0  18  43.6 

4  19  31.7 

5  43  22.1 

6  44  57.3 

5  29  44.8 

6  54  39.0 

22  24  45.4 

23  43  9.5 
4  51  21.6 
6  5  48.4 

1  35  4.0 

2  35  23.4 


13  33  45.0 

14  29  9.0 

16  49  50 

17  30  9.8 
13  13  24.9 
13  40  57.5 

6  16  2.4 

7  42  10.6 

8  40  43.7 

10  8  4.3 

18  10  22.0 

16  13  44.4 

17  13  35.0 

15  40  7.8 

16  33  0.4 

7  4  26.4 

8  22  36.0 

12  22  44.7 

13  4621.4 

14  47  46.5 

13  17  2.6 

14  41  43.0 

5  2  26.5 

6  20  37.8 

11  4  23.9 

12  18  38.5 

7  25  3. 1 

8  25  12.6 


183 
183 
183 

183 
183 
183 
183 
183 

183 

183 
183 
183 
183 

183 
183 
183 
183 
183 

183 

183 

178b 

178b 

183 

183 
183 
183 
183 
183 


Hl 
Hl 
Hl 

Hl 
Hl 
Hl 
Hl 
Hl 

Hl 

Hl 
Hl 
Hl 
Hl 

Hl 
Hl 

Hl 
Hl 
Hl 

Hl 

Hl 

B 

B 

Hl 

Hl 
Hl 
Hl 
Hl 
Hl 


12 

1 

k 
120 

11 
120 

S(l 

12  k 


12  k 
12 
20 

12 

11 

no 

20 
12 


120 

no 

12 


7  0  11.4 

8  0  12.0 

6  30  25.6 

7  23  27.3 
23    0  21.1 

0  18  38.8 

4  19  31.6 

5  43  22.4 

6  44  56.2 


22  24  45.5 


12  48  58.7 

11  52  33.8 

12  13  26.3 

13  40    5.8 
16  29  33.1 


16  13  44.5 

17  13  35.2 

15  40    7.7 

16  33    0.7 

7  4  26.4 

8  22  31.3 

12  22  44.7 

13  46  21.7 

14  47  45.4 


5    2  26.6 


2  35  23.4    8  25  12.5  p  160b  B  12 


115 

160b 

115 

115 
115 


160b 
115 

160b 

115 

160b 

160b 

160b 

160b 
160b 


115 


l•^  c 
±10 
12  c 

12  c 
±10  c 


121^  r 
11 1/4  k 

20 
121^  k 

130  ±10 

12 


12 
140  = 


20 


Ph.:  DD  =  disappearance  dark  limb;  DB  =  disappearance^  bright  limb;  RD  =  reappearance  dark  limb; 
RB  =  reappearance  bright  limb. 

Power:   b  =  occnlting  bar  attached  to  eyepiece. 

Obs. :   Hl  =  Hall;   B  =  Bower. 

Remarks:  c  =  cloudy;  d  =  daylight;  e  =  early;  f  =  star  faint;  h  =  hazy;  k  =  dark  limb  visible; 
1  =  late;  r  =  good  disappearance  or  reappearance;  s=some,  a  little;  u  =  uncertain;  \v  =  windy.  Numbers 
are  estimates  in  tenths  of  .seconds.     A.     Saw  1"  earlier  than  given  time.     B.     Foggy. 

The  clock  corrections  used  after  1923,  Jan.  1  are  based  on  the  correction  to  star  places  given  in  the  American 
Ephemeris  1925,  p.  750. 
U.  S.  Naval  Observatory,  Washinglon.  D.  C,  1924,  Jan.  29. 
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OBSERVATIONS   OF  ASTEROID    1923   PE    (REINMUTH), 

By  G.   van  BIESBROECK. 
o)  Visual  observations  with  the  40-inch  refractor 


1923 

G.M.T. 

Aa 

AS 

n 

a  app. 

6  app. 

Parall. 

* 

Nov.  21 

19  46  33 

+  0     1.81 

-3  49.5 

4-1 

h       m       s 

1  32  26.48 

+  11  12  27.0 

9.603 

0.723 

1 

Nov.  28 

18  22  12 

-0  33.37 

+  1  20.9 

30-6 

1  41     9.28 

8  12    3.4 

9.517 

0.720 

2 

Doc.    10 

16    9  36 

-1  19.83 

-1  11.0 

8-8 

1  59  17.17 

4  18  46.2 

9.131 

0.736 

3 

Dec.    13 

13  40    7 

-2  42.49 

-0  39.5 

25-5 

2    4  13.94 

3  37  27.2 

8.985/t 

0.741 

4 

1924 

Jan.      7 

12  48  38 

+  0    5.60 

+  5  11.0 

6-6 

2  52  20.90 

+    1     2  10.0 

8.994  » 

0.748 

5 

Comparison  Slarii 


* 

1923-1924 

Red.  to  App. 

Authority 

1 

2 
3 
4 
5 

h       m      s 

1  32  21.17 

1  41   39.20 

2  0  33.60 
2     6  52.81 
2  52   14.96 

+  11  16  0.0 
S  10  27.5 
4  19  45.3 
3  37  55.6 

+   0  57     8.2 

+  3^50 
3.45 
3.40 
3.39 

+  0.34 

+  16.5 
+  15.0 
+  11.9 
+  11.1 
-   9.2 

Ton.  ph  +11°,  1''32'"  Nr.  22. 

A.  G.  Lpz.  7/664. 

Abbadia  974. 

A.  G.  Lpz.  I  606. 

Alger  ph.  0°,  2'>48"'  Nr.  81. 

b)  Photographic  positions  with  the  24-inch  reflector 


1923-24 

1923.0-1924.0 
a                                5 

Parall. 

Coni|5arison  Stars 

Nov.  10.67853 

h     m      s 

1  21  31.44 

+  16  53  40.5 

8.560 

0.578 

Bord.  ph  +17°,  1'-  24"',  Nrs.  63,  65.  68. 

Nov.  11.66669 

1  22  18.99 

16  21  43.7 

7.946 

0.586 

Bord.  ph  +16°,  1"  20"',  Nrs.  25,  29,  34. 

Nov.  24.54654 

1  35  36.69 

9  57  55.8 

9.376n 

0.689 

Tou.  ph  +9°,  1"  32'",  Nr.  35. 

Dec.     6.72350 

1  53     1.40 

5  24  54.8 

9.443 

0.734 

Tou.  ph  +5°,  1'-  48-,  Nrs.  40.  41,  79. 

Jan.      1.56127 

2  40    6.67 

+    1  11  29.5 

8.666n 

0.762 

Abbadia  1293,  1297,  1305. 

Jan.      5.57205 

2  48  16.89 

1     4  45.4 

7.368n 

0.763 

Alger  ph  0°,  2"  48",  Nrs.  31,  41,  49. 

Jan.    26.62461 

3  33  21.10 

1  46  51.3 

9.309 

0.759 

A.  G.  Albany  1037. 

Jan.    26.64127 

3  33  23.47 

1  46  55.3 

9.385 

0.760 

.4.  G.  Albany  1037. 

Feb.   24.62211 

4  38  40.28 

4  29     1.2 

9.441 

0.741 

Tou.  ph  +5°,  4"  36'",  Nrs.  192,  197,  205. 

Fel).    24.64572 

4  38  43.77 

4  29     8.7 

9.508 

0.745 

Tou.  ph  +5°,  4''  36"',  Nrs.  192,  197,  205. 

Feb.   25.56962 

4  40  50.26 

4  34  36.0 

9.191 

0.734 

Tou.  ph  +5°,  4"  36",  Nrs.  225,  236,  239. 

Feb.    25.59392 

4  40  53.84 

4  34  45.0 

9.333 

0.737 

Tou.  ph  +5°,  4"  36",  Nrs.  225,  236,  239. 

Remarks 

On  account  of  its  unusual  motion  at  discovery  this  ob,ject  was  suspected  at  first  of  being  cometary.  With  tie 
40-inch  it  was  always  seen  as  a  star-like  image,  without  any  nebulosity.  On  Nov.  11,1  made  a  30  min.  exposure 
with  the  24-inch  reflector  and  moved  the  plate  so  as  to  allow  for  the  motion  of  the  object.  The  resulting  strong 
clear-cut  image  does  not  show  any  trace  nebulosity. 
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For  the  observations  in  January  and  February  I  had  the  advantage  of  very  close  e()hemeris  positions  com- 
municateil  before  jiublication  by  Puof.  A.  Leuschneh. 

Visual  estimations  of  lirifjihtness;    Nov.  21  =  13.0;    Nov.  28  =   13.5;    Dec.  13  =   11. 0;    ,l:iii.  7  =   15.0. 

Photo{!;raphic  mafrnitudes  from  a  rough  conijiarison  with  the  polar  sequence:  Nov.  10  =  13.5;  Nov.  11  =  13.6; 
Nov.  24  =  14.1;  Jan.  1  =  15.0;   Jan.  5  =  15.6;  Jan.  26  =  15.8;   Feb.  24  =  16.0;   Feb.  25  =  16.4. 

On  Nov.  21  the  measures  were  difficult  on  account  of  the  vicinity  of  the  moon  and  haziness  of  the  sky. 

On  Jan.  26,  Feb.  24,  and  25  the  plate  was  moved  so  as  to  follow  the  asteroid  (exposures  20,  30  and  33  minutes). 
This  made  the  settings  on  the  trailed  comparison  stars  less  accurale.  csix'cially  in  right  ascension,  but  it  had  to  be 
done  for  strengthening  the  image  of  the  asteroid. 


Yerkes  Observatory.  Williams  Bay,  Wisconsin., 
March  5,  1924. 


OBSERVATIONS  OF  COMET    1922  c    (BAADE), 

WITH    THK    26-INCH    REFRACTOK    OF    THE    U.   .S.    NAV.\L    OBSERVATORY, 

By    ERNEST    CLARE    BOWER. 
[Communicated  by  Capt.   Edwin  T.   Pollock,   II.  S.   Navy,   Suprrintendent. 


G.  M.  T. 

App.  a                App.  S 

Obj-* 

Conip, 

Log  pp 

Ap.  pi.  red.  of  -^ 

Seeing 

* 

1923 
Sept.  17.89513 
Nov.    9.75100 
Dec.     1.69471 

h      m      s                 o       /       ,/ 

4  43  48.65  +2  22  48.6 
4  26  18.30  -6  39  14.5 
4  11  52.24  -9    8  15.9 

-  2J7  +4  16.7 
-11.98  +1  46.1 

-  4.62  -  1  39.4 

rfl3,ll 
r/12,12 
(•/12,12 

8.878n  0.717 
8.593n  0.796 
6.731     0.814 

+  2^16  +3.5 
+  3.27  +3.8 
+  3.50  +1.5 

g 

1 
3 
4 

Sept.  17.     Very  faint  last  half  of  observation.     Nov.  9.     13'". 5.     Very  faint.     Dec.  1.     14™.     Very  faint. 
.Mean  Placcg  of  ('<ii))j:ari<on  S(c,r.'<  for  F cgiiuiii.g  of  Year 


* 

a 

5 

Authority 

1 

h      m       s 

4  43  48.66 

+  2   18  28.4 

Anon.  comp.  with2,  1923  0ct.31,i^a  =   +2'"  29'.75,  A6  =   -11'18".2, 
1923.0. 

2 

4  41    1S.91 

+  2  29  46.0 

A(!  Albany  1390. 

3 

4  26  27.07 

-6  41     4.4 

Astr  Fer  -  6.0424,  159. 

4 

4  11  53.36 

-9     6  38.0 

BD  -9.857  comp.  with  5,  1923  Dec.  1,  Aa  =  +1"'10'.83,  ^&  =   -3'50".5, 
1923.0. 

5 

4   10  42.53 

-9     2  47.5 

AG  Wien-OtlakriiKj  1053. 

U.  S.  Naval  Observatory,  Washington,  D.  C, 
19U  April  10. 
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MEASURES  OF   DOUBLE   STARS   DISCOVERED  SINCE   1905, 

MADE  AT  THE  LILLE  OBSERVATORY  AND  AX  THE  ROYAL  OBSERVATORY,  GREENWICH, 

By    ROBERT    JONCKHEERE. 


The  present  paper  is  a  contimation  of  the  series  of 
measures  begun  in  the  Astronomical  Journal  No.  753. 

The  reference  numbers  are  those  of  the  Catalogue 
published  by  the  Royal  Astronomical  Society  in  1917, 
which  is,  in  effect,  an  extent  ion  of  Bnrnham's  General 
Catalogue.  The  measures  marked  V  and  D  were  made 
by  Messrs.  J.  Vanderdonck  and  L.  DeJaegher 
respectively. 


A  few  new  pairs  are  included  here  in  addition  to 
those  published  in  A.  J.  765.  It  is  the  author's  inten- 
tion to  continue  the  work  interrupted  by  the  German 
occupation,  and  to  begin  a  new  survey  of  the  sky  to 
complete  the  knowledge  of  double  stars  to  the  fainter 
B.  D.  stars. 


J.C. 

Name 

R.A. 

Decl. 

V 

rf 

Mags. 

1900  + 

Obs. 

n. 

6 

J  143 

h   m   s 

0  1  55 

12  49 

85.6 

l.<9 

9.5-  9.8 

21.89 

J 

3 

f4.6 

2.18 

9.5-  9.8 

21.89 

V 

3 

22* 

J  867 

0  0  48 

28  17 

185.5 

1.17 

8.9-11.6 

21.89 

J 

3 

183.7 

1.40 

9.1-11.6 

21.89 

V 

3 

69 

J  ICS 

0  25  30 

19  51 

171.5 

0.92 

9.2-  9.2 

21.89 

J 

3 

170.7 

1.20 

9.3-  9.3 

21.89 

V 

3 

h  1976 

262.3 

12.60 

9.2-11.2 

21.89 

J 

3 

264.9 

12.73 

9.3-11.2 

21.89 

V 

3 

109 

,1  223 

0  44  38 

10  19 

97.1 

1.08 

9.5-  9.8 

21.93 

J 

3 

96.9 

1.08 

9.6-  9.6 

21.93 

V 

3 

236 

.1  228 

1  32  13 

23  30 

102.6 

3.23 

8.7-10.6 

19.31 

J 

3 

102.2 

3.08 

8.8-11.0 

22.01 

V 

1 

240* 

.1  587 

1  33  54 

22  8 

27.0 

1.36 

9.7-  9.7 

16.90 

J 

1 

21.8 

1.23 

9.5-  9.6 

22.66 

J 

3 

25.0 

1.47 

9.6-  9.7 

22.66 

V 

3 

246 

J  927 

1  36  12 

14  44 

244.9 

3.92 

10.1-11.0 

20.34 

J 

3 

244.2 

3.50 

9.8-10.0 

22.03 

V 

1 

268 

J  641 

1  43  45 

9  20 

245.0 

5.04 

9.2-11.2 

19.50 

J 

2 

242.6 

5.08 

9.3-12.0 

22.10 

V 

1 

269 

J  642 

1  43  53 

26  49 

125.8 

1.51 

9.5-  9.9 

16.90 

J 

1 

124.3 

1.09 

9.4-10.2 

22.06 

J 

2 

124.9 

1.23 

9.5-10.0 

22.06 

V 

2 

283 

J  671 

1  48  30 

21  28 

155.8 

2.77 

9.6-  9.7 

16.90 

J 

1 

155.6 

2.77 

9.6-  9.8 

22.06 

J 

2 

153.5 

2.63 

9.6-  9.9 

22.06 

V 

2 

(173) 
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N°-  838 


J.C. 

\:uiic 

U..\. 

Dccl. 

l> 

,/ 

Mags. 

1900+ 

Obs. 

n. 

298 

.1  3 1  () 

Ii   m  s 

1  52  18 

12  5 

251.4 

2.47 

9.6-11.0 

16.90 

J 

1 

250.0 

2.76 

9.5-11.0 

23.47 

J 

2 

250.5 

2.61 

9.5-10.8 

23.47 

\' 

2 

302 

J  643 

1  53  3 

14  8 

173.2 

3.62 

9.2-10.5 

16.90 

,J 

1 

170.7 

4.15 

9.2-10.7 

23.38 

J 

2 

167.0 

3.42 

9.1-10.5 

23.38 

V 

2 

30G 

J  230 

1  55  11 

24  41 

156.0 

2.65 

9.2-  9.2 

17.87 

J 

1 

h54.0 

2.49 

9.3-  9.3 

22.02 

J 

2 

149.9 

2.57 

9.1-  9.2 

22.02 

y 

2 

366 

Ait  2330 

2  23  56 

17  1 

352.0 

0.8() 

9.0-  9.0 

17,12 

.] 

1 

354.4 

0.96 

9.0-  9.0 

22.13 

J 

2 

351.1 

0.98 

9. 1  -  9.1 

22.13 

V 

2 

372 

J    6 

2  24  32 

59  4 

135.2 

2.46 

8.9-10.6 

22.4() 

J 

2 

■  135.8 

2.22 

8.9-10.6 

22.46 

V 

2 

537 

J   26 

3  31  46 

15  0 

147.1 

2.45 

9.2-  9.2 

22.01 

J 

3 

146.6 

2.64 

9.1-  9.1 

22.01 

V 

3 

;69 

J   27 

3  42  6 

28  40 

55.0 

3.88 

9.5-12.4 

22.96 

J 

2 

56.8 

3.64 

9.5-12.5 

22.96 

\ 

2 

577 

J   28 

3  46  15 

28  32 

188.8 

2.81 

9.6-11.8 

22.96 

J 

2 

186.3 

2.40 

9.6-11.6 

22.96 

V 

2 

595 

J  306 

3  53  9 

21  44 

87.5 

1.75 

8.9-  9.3 

22.03 

J 

3 

87.0 

2.06 

9.0-  9.2 

22.05 

V 

2 

610 

.1   30 

3  58  47 

G  29 

231.3 

1.52 

9.5-11.5 

23.08 

J 

2 

230.6 

1.50 

9.8-11.3 

23.08 

\' 

2 

729 

.1  711 

4  49  37 

-  3  10 

171.8 

2.10 

9.8-10.4 

22.16 

J 

2 

170.8 

2.10 

9.6-10.2 

22.16 

V 

2 

J  1348 

4  50  44 

-  3  5 

94.5 

4.76 

9.3-  9.4 

22.62 

J 

2 

(BD-3°931) 

92.3 

4.74 

9.3-  9.5 

22.62 

V 

2 

733* 

J  712 

4  50  54 

-  3  11 

167.7 

1.95 

9.2-  9.7 

22.62 

J 

2 

166.5 

1.90 

9.3-10.2 

22.62 

\' 

2 

752* 

J   47 

4  55  44 

0  24 

303.5 

2.73 

9.4-  9.6 

23.07 

J 

2 

306.1 

2.65 

9.4-  9.7 

23.07 

V 

2 

764 

J   13 

4  58  24 

43  34 

168.1 

1.43 

9.5-  9.5 

23.07 

J 

2 

165.9 

1.84 

9.4-  9.4 

23.07 

V 

2 

776 

.1  320 

5  1  8 

10  36 

123.8 

3.17 

9.9-  9.9 

17.53 

J 

2 

Nci)ula 

247.0 

183.62 

N(4)-  9.6 

17.53 

,1 

2 

781 

J   14 

5  2  25 

27  6 

229.9 

2.15 

9.6-  9.8 

23.07 

.1 

2 

228.1 

2.01 

9.7-10.0 

23.07 

\' 

2 

823 

Ail  2130 

5  12  0 

18  17 

138.4 
127.2 

L30 
1.13 

9.0-13.0 
9.1-12.8 

16.97 
22.12 

.1 

,! 

1 
1 

131.8 

1.20 

9.2-13.0 

22.12 

\ 

1 

917 

,1   l()(i 

5  37  55 

13  5 

290.8 

3.()7 

9.5-10.0 

17.12 

J 

1 

293.8 

4.13 

9.6-10.9 

22.13 

J 

2 

293.7 

4.15 

9.3-10.1 

22.13 

V 

2 

987 

.1   36 

5  44  2 

3  53 

115.6 

1.81 

7.2-10.0 

17.12 

J 

1 

113.3 

1.72 

7.5-  9.4 

22.11 

J 

2 

113.3 

1.78 

7.5-  9.8 

22.11 

V 

2 

1055 

J  407 

5  55  55 

9  41 

192.8 

2.24 

8.5-  9.8 

22.12 

J 

3 

191.9 

2.30 

8.7-10.2 

22.11 

V 

2 

N"'  838 
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J.C. 

Name 

R.A. 

Decl. 

P 

d 

Magf.. 

1900  + 

Obs. 

n. 

1071 

J   50 

h   m   s 

5  58  21 

8  1 

56.2 

0.50 

8.7-  8.7 

17.12 

J 

1 

63.9 

0.62 

8.7-  8.7 

22.11 

J 

2 

59.4 

0.80 

8.9-  8.9 

22.11 

\' 

2 

1084 

J  335 

5  59  42 

11  2 

297.0 

0.57 

7.5-  9.4 

17.15 

J 

1 

298.0 

0.81 

8.1-  9.5 

22.61 

J 

2 

295.0 

0.89 

7.9-  9.5 

22.61 

\ 

2 

J  1349 

6  17  51 

19  20 

358.6 

2.76 

9.4-13.3 

22.73 

J 

3 

357.8 

3.15 

9.5-13.0 

21.97 

V 

1 

1222 

J  977 

6  20  42 

25  19 

114.4 

2.81 

9.6-10.0 

17.11 

J 

1 

116.3 

3.25 

9.6-10.6 

22.08 

J 

2 

114.5 

3.17 

9.5-10.7 

22.08 

^" 

2 

1245 

J  660 

6  24  26 

4  52 

97.9 

2.23 

9.3-  9.3 

22.61 

J 

2 

95.5 

2.38 

9.4-  9.4 

22.61 

V 

2 

1357 

J  267 

6  40  21 

8  14 

86.9 

1.65 

9.2-  9.2 

22.62 

J 

2 

83.3 

1.85 

9.2-  9.3 

22.62 

V 

2 

1447 

J  278 

6  .54  18 

6  47 

147.2 

2.28 

9.0-  9.2 

18.08 

J 

1 

144.8 

2.10 

8.9-  9.0 

22.18 

J 

2 

142.6 

2.28 

9.0-  9.3 

22.18 

V 

2 

1644 

J  283 

7  37  30 

3  30 

72.4 

2.24 

9.3-  9.7 

17.12 

J 

1 

70.4 

2.21 

9.2-  9.3 

22.21 

J 

2 

71.0 

2.41 

9.2-  9.3 

22.21 

V 

2 

1826* 

J  735 

S  41  .52 

8  6 

153.7 

2.50 

9.0-  9.0 

22.43 

J 

4 

152.6 

2.49 

9.0-  9.1 

22.43 

V 

4 

J  1350 

8  46  9 

-  1  39 

246.0 

4.83 

10.7-11.9 

23.26 

J 

1 

1838 

.1   74 

8  46  10 

1  43 

105.1 

4.08 

9.6-  9.7 

22.f2 

J 

3 

103.7 

4.33 

9.6-  9.7 

22.(2 

V 

3 

1839* 

Van    3 

8  46  24 

8  9 

84.5 

2.22 

8.8-  9.0 

22.43 

J 

4 

f4.1 

2.10 

9.0-  9.1 

22.15 

V 

3 

1844 

J   75 

8  49  1 

1  55 

32.6 

3.40 

8.9-11.9 

22.25 

J 

2 

33.9 

3.50 

9.0-11.8 

22.25 

V 

2 

2046* 

J   79 

10  34  44 

7  48 

142.8 

1.71 

8.2-  9.2 

23.27 

J 

2 

141.7 

1.79 

8.3-  9.3 

23.27 

V 

2 

J  1351 

10  34  59 

7  48 

158.4 

4.07 

9.5-  9.9 

23.29 

J 

1 

15.-0 

4.25 

r- J)  —   on 

23.29 

V 

1 

2065 

J   80 

10  47  28 

7  0 

213.9 

4.14 

8.8-  9.5 

23.(,5 

J 

2 

216.7 

3.74 

9.1-  9.8 

23.65 

V 

2 

2092* 

J   81 

11  3  49 

10  38 

132.5 

1.70 

9.2-  9.2 

23.65 

J 

2 

137.0 

1.77 

9.2-  9.3 

23.65 

V 

2 

2095 

J   82 

1 1  5  50 

11  20 

112.5 

1.57 

9.4-  9.5 

23.65 

J 

2 

111.5 

1.90 

9.5-  9.7 

23.65 

V 

2 

2124 

J   86 

11  30  15 

4  34 

95.8 

2.14 

8.9-  9.8 

23.65 

J 

2 

94.1 

1.84 

8.6-  9.7 

23.65 

\ 

2 

2384 

J  444 

15  37  44 

-  0  33 

319.7 

3.04 

9.0-  9.8 

20.51 

J 

2 

318.6 

3.02 

9.0-10.0 

22.62 

\ 

1 

2490 

J  450 

17  14  0 

7  37 

65.7 

2.96 

9.9-10.6 

20.54 

J 

2 

65.4 

3.45 

9.8-10.3 

22.65 

^■ 

1 

2491 

J  451 

17  15  6 

4  16 

251.0 

3.51 

9.4-12.1 

20.54 

.1 

2 

251.0 

4.00 

9.4-13.0 

22.65 

^■ 

1 

2496* 

J  452 

17  17  10 

15  28 

294.1 

2.58 

9.6-11.3 

20.56 

J 

2 

294.6 

2.75 

9.5-11.0 

22.68 

V 

1 

irr. 
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J.C. 

Niiinc 

H..\. 

Deel. 

V 

(/ 

Mugs. 

1900  + 

Obs. 

n. 

2510 

J  516 

1)   m   s 

17  41  19 

-  0  31 

242.3 

2.93 

9.0-  9.4 

14.47 

J 

2 

243.5 

3.16 

.  .  .  -  .  ,  . 

14.47 

Cox 

2 

238.8 

3.27 

9.2-  9.7 

22.63 

J 

2 

237.5 

3.28 

9.0-  9.0 

22.63 

V 

2 

254r) 

J   loC) 

17  43  1 

-  1  29 

96.8 

2.63 

9.7-  9.7 

14.46 

D 

1 

99.4 

2.91 

9.6-  9.6 

18.54 

J 

2 

102.2 

2.88 

9.6-  9.6 

22.02 

\' 

1 

2549 

J  753 

17  44  38 

15  48 

273.8 

1.08 

9.4-  9.5 

14.40 

J 

1 

271.0 

1.18 

9.4-  9.4 

14.40 

D 

1 

272.8 

1.38 

9.4-  9.5 

22.72 

J 

2 

273.5 

1.51 

9.6-  9.7 

22.72 

V 

2 

2550 

J  754 

17  45  44 

24  53 

51.0 

1.26 

8.9-  9.9 

14.40 

J 

1 

49.6 

1.33 

8.9-  9.4 

14.46 

D 

1 

49.5 

1.35 

8.9-  9.9 

22.72 

J 

2 

49.8 

1.52 

9.0-  9.0 

22.72 

V 

2 

25G4 

.1  459 

17  53  2 

18  8 

53.8 

3.08 

9.0-  9.8 

14.46 

J 

1 

56.4 

3.23 

9.3-  9.8 

14.46 

D 

1 

50.7 

3.15 

9.3-10.1 

22.72 

J 

3 

50.4 

3.05 

9.4-10.1 

22.73 

V 

2 

J  1352 

17  53  12 

18  13 

23.8 

3.97 

10.0-11.0 

22.68 

J 

1 

22.2 

4.05 

10.4-11.5 

22.68 

V 

1 

25G6 

J  517 

17  53  37 

0  15 

288.0 

3.74 

9.0-11.0 

17.47 

J 

1 

286.0 

3.62 

9.1-11.2 

22.72 

J 

2 

286.4 

3.58 

9.1-11.7 

22.72 

\ 

2 

2571 

J  755 

17  56  21 

37  16 

148.4 

1.93 

9.0-  9.8 

14.46 

J 

1 

146.0 

1.90 

9.1-  9.8 

14.46 

D 

1 

148.5 

1.47 

9.3-  9.7 

22.72 

J 

2 

148.1 

1.65 

9.1-  9.8 

22.72 

V 

2 

2577 

J  756 

17  58  11 

46  11 

181.6 

2.97 

9.3-  9.7 

14.46 

J 

1 

181.4 

3.33 

9.4-  9.8 

14.46 

D 

1 

182.0 

3.28 

9.8-10.6 

22.72 

J 

2 

181.6 

2.80 

9.5-10.0 

22.72 

V 

2 

2582 

J  757 

18  0  31 

38  5 

322.6 

2.77 

9.5-10.0 

14.46 

J 

1 

323.0 

3.13 

9.4-10.0 

14.40 

D 

1 

323.2 

3.08 

10.5-11.5 

22.63 

J 

1 

320.8 

3.25 

9.7-10.8 

22.63 

V 

1 

2586 

,1  460 

18  0  51 

3  31 

84.1 

1.91 

9.3-  9.5 

22.04 

J 

2 

86.5 

2.01 

9.5-  9.5 

22.64 

\' 

2 

2590 

J  758 

18  2  35 

38  5 

127.2 

2.64 

9.2-  9.4 

14.46 

J 

1 

126.8 

2.55 

9.2-  9.4 

14.46 

D 

1 

121.3 

3.01 

9.4-  9.6 

22.64 

J 

2 

120.9 

2.97 

9.5-  9.7 

22.64 

\- 

2 

2598 

J   94 

18  3  6 

13  57 

315.2 

3.50 

9.3-  9.5 

14.47 

.1 

1 

314.6 

3.00 

.  -  .  . 

14.47 

Cox 

1 

315.4 

3.73 

9.3-  9.6 

22.03 

J 

1 

311.2 

3.65 

9.0-  9.0 

22.03 

V 

1 

2649 

J   96 

18  29  6 

6  33 

149.1 

3.35 

9.1-  9.0 

22.65 

J 

3 

146.0 

3.27 

9.2-  9.8 

22.65 

\' 

3 

J  1353 

19  5  19 

64  54 

348.0 

3.82 

9.7-  9.9 

22.38 

J 

1 

346.8 

3.52 

9.8-10.0 

22.38 

V 

1 

N"-  838 
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J.C. 

Name 

R.A. 

Dool. 

V 

d 

Mags. 

1900  + 

Obs. 

n. 

2851 

J  114 

h   m   s 

19  13  14 

-  0  34 

203.9 

5.06 

9.6-11.2 

21.77 

J 

3 

205.6 

5.22 

9.6-11.1 

21.77 

\ 

3 

2868 

J  115 

19  17  34 

-  1  30 

4.9 

4.17 

9.7-11.3 

21.77 

J 

3 

0.0 

3.91 

9.7-11.4 

21.77 

V 

3 

AC 

41.1 

8.48 

9.7-12.6 

21.77 

J 

3 

41.5 

8.18 

9.7-12.0 

21.77 

V 

3 

2869* 

J  116 

19  17  37 

-  1  32 

102.7 

3.95 

9.4-  9.7 

21.78 

J 

4 

100.9 

4.07 

9.5-  9.7 

21.77 

V 

3 

2882 

J  148 

19  20  22  ■ 

4  2 

167.2 

4.17 

9.5-11.8 

21.77 

J 

3 

165.1 

4.19 

9.6-12.0 

21.77 

V 

3 

2918 

J  137 

19  26  29 

18  15 

19.7 

3.97 

9.0-11.3 

21.77 

J 

3 

17.3 

4.33 

9.2-10.9 

21.77 

V 

3 

2922 

J  540 

19  26  54 

9  18 

123.9 

2.89 

9.2-  9.7 

21.75 

J 

3 

121.6 

3.12 

9.3-  9.7 

21.75 

V 

3 

2937 

J  149 

19  29  56 

18  3 

125.3 

1.80 

8.7-10.5 

14.67 

J 

2 

123.7 

2.25 

8.8-10.9 

21.82 

J 

3 

120.4 

2.18 

9.0-11.4 

21.82 

V 

3 

2954 

J   24 

19  32  27 

20  38 

258.5 

2.85 

9.2-10.2 

21.77 

J 

3 

259.3 

2.79 

9.2-10.6 

21.77 

V 

3 

2959 

J  171 

19  33  6 

9  0 

251.7 

3.63 

9.8-10.0 

21.77 

J 

3 

251.5 

3.68 

9.7-  9.9 

21.77 

V 

3 

2969 

J  120 

19  34  13 

-  1  28 

96.0 

2.03 

9.0-  9.6 

21.75 

J 

3 

95.1 

2.38 

9.1-  9.7 

21.75 

V 

3 

2985 

J  1136 

19  37  17 

13  27 

104.9 

3.37 

9.5-10.9 

21.76 

J 

3 

101.9 

3.48 

9.4-10.6 

21.78 

V 

2 

3003 

J  140 

19  40  12 

15  22 

232.1 

3.24 

9.6-11.3 

21.78 

"J 

3 

229.6 

3.17 

9.5-11.8 

21.78 

V 

3 

3023* 

J  150 

19  42  48 

10  12 

198.2 

1.68 

9.5-  9.7 

21.75 

J 

3 

196.3 

1.79 

9.6-  9.7 

21.75 

\' 

3 

3042 

J  152 

19  46  9 

7  29 

167.9 

2.94 

9.2-10.7 

21.77 

J 

3 

165.6 

2.97 

9.2-11.3 

21.77 

V 

3 

3045 

J  141 

19  46  57 

17  14 

42.8 

4.15 

9.3-  9.4 

21.75 

J 

3 

43.7 

3.97 

9.4-  9.7 

21.75 

V 

3 

J  1354 

19  47  23 

64  22 

193.6 

3.83 

9.6-11.5 

22.39 

J 

1 

191.8 

3.37 

9.8-12.0 

22.39 

V 

1 

3054 

J  125 

19  48  16 

41  28 

217.5 

1.95 

8.9-  9.3 

21.77 

J 

3 

213.5 

2.01 

9.0-  9.5 

21.77 

V 

3 

3059 

J  172 

19  48  30 

9  21 

287.8 

4.84 

9.6-13.1 

21.78 

J 

3 

288.2 

4.77 

9.5-12.9 

21.78 

V 

3 

3062 

J  151 

19  49  3 

18  37 

195.8 

3.94 

9.9-12.0 

21.84 

J 

4 

193.4 

3.91 

9.6-11.9 

21.84 

V 

4 

3068 

J   25 

19  50  9 

29  10 

3.9 

1.24 

9.5-  9.5 

21.75 

J 

3 

1.3 

1.36 

9.5-  9.5 

21.75 

V 

3 

3085 

J  153 

19  52  23 

11  38 

1.4 

1.21 

9.6-  9.7 

21.82 

J 

3 

2.3 

1.46 

9.5-  9.5 

21.82 

\ 

3 

3101 

J  818 

19  54  37 

8  39 

20.6 

0.93 

9.8-  9.8 

21.76 

J 

3 

19.1 

1.11 

9.8-  9.8 

21.76 

V 

3 

AB-C 

186.6 

23.75 

9.5-  9.6 

21.76 

J 

3 

186.6 

23.50 

9.6-  9.7 

21.76 

V 

3 

178 
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J.C. 

Name 

R.A. 

Ded. 

l> 

d 

Mags. 

1900+ 

Ob.s. 

n. 

3129 

J  173 

h   m   s 

19  57  27 

9  37 

51.3 

7.29 

9.5-13.4 

21.86 

J 

3 

52.3 

7.88 

9.5-13.3 

21.86 

V 

3 

3130 

,1  154 

19  57  35 

-  4  8 

55.4 

4.06 

9.9-10.3 

21.89 

J 

3 

57.3 

4.01 

9.8-10.3 

21.89 

V 

3 

3139 

J  171 

19  58  56 

9  48 

172.0 

4.37 

9.5-12.5 

21.89 

J 

3 

170.5 

4.36 

9.5-12.4 

21.89 

V 

3 

3153 

.)  603 

20  141 

4  20 

128.6 

3.10 

9.3-  9.3 

14.49 

J 

1 

128.1 

2.75 

9.4-  9.5 

21.74 

J 

3 

127.8 

2.90 

9.5-  9.6 

21.74 

V 

3 

3154 

J  546 

20  1  52 

7  34 

291.6 

2.45 

9.4-  9.6 

21.74 

J 

3 

291.0 

2.59 

9.5-  9.7 

21.74 

V 

3 

3150 

J  134 

20  2  8 

10  21 

91. () 

6.48 

9.3-11.3 

21.85 

J 

3 

92.9 

6.18 

9.3-10.7 

21.86 

\ 

4 

3182 

J  136 

20  7  56 

11  1 

2()1.1 

1.50 

9.4-  9.8 

21.74 

J 

3 

262.5 

1.80 

9.5-  9.8 

21.74 

V 

3 

3186 

.1  127 

20  8  59 

34  55 

1.9 

3.69 

9.8-10.0 

21.85 

.) 

3 

3.2 

4.28 

9.6-  9.7 

21.85 

V 

3 

3188 

.J  17(1 

20  9  9 

10  14 

295.0 

4.54 

9.3-12.4 

17.30 

J 

2 

3214 

.1  135 

20  11  54 

9  47 

319.7 

3.26 

9.7-10.0 

21.85 

J 

3 

321.2 

3.56 

10.0-10.2 

21.^5 

V 

3 

32G5 

J  129  . 

20  20  57 

38  59 

33.3 

3.84 

9.3-  9.6 

21.86 

J 

3 

33.6 

3.89 

9.3-  9.5 

21.86 

V 

3 

3278 

J  559 

20  23  16 

9  32 

213.0 

3.05 

9.3-  9.3 

14.63 

J 

1 

220.3 

2.91 

9.8-  9.8 

22.73 

J 

2 

217.1 

2.76 

9.7-  9.7 

22.73 

\' 

2 

3296 

.1  130 

20  27  9 

41  31 

264.5 

2.62 

9.2-  9.5 

21.86 

J 

3 

264.9 

2.80 

9.3-  9.5 

21.86 

V 

3 

3307 

.1    3 

20  27  46 

11  34 

130.2 

1.16 

10.0-10.2 

21.85 

J 

3 

130.5 

1.39 

9.9-10.1 

21.85 

y 

3 

3317 

J    1 

20  29  5 

11  28 

43.8 

1.04 

9.1-  9.4 

21.85 

J 

3 

38.8 

1.21 

9.2-  9.6 

21.85 

V 

3 

3323 

J  190 

20  30  33 

32  55 

330.7 

2.48 

9.1-12.3 

21.89 

J 

3 

332.8 

2.11 

9.2-11.8 

21.89 

\ 

3 

AC 

105.1 

6.24 

9.1-13.9 

21.89 

J 

3 

104.3 

6.69 

9.2-13.5 

21.89 

\' 

3 

3326 

J    4 

20  30  50 

47  35 

356.1 

2.30 

9.5-  9.8 

21.86 

J 

3 

356.5 

2.58 

9.4-  9.6 

21.86 

\' 

3 

3357 

J  156 

20  36  20 

3  32 

21.7 

2.00 

9.4-  9.6 

21.90 

.1 

2 

20.3 

2.03 

9.5-  9.6 

21.90 

\' 

2 

3362 

J  191 

20  37  13 

17  21 

(n.4 

3.35 

9.5-  9.9 

21.94 

J 

2 

61.4 

3.51 

9.5-  9.8 

21.94 

V 

2 

3415 

.1  157 

20  51  56 

8  16 

170.8 

3.93 

9.3-  9.3 

14.73 

J 

170.6 

3.87 

9.3-  9.3 

22.65 

J 

171.4 

4.00 

9.4-  9.4 

22.65 

\ 

J  1355 

20  52  5 

8  17 

327.6 

2.01 

lO.S-10.8 

22.65 

J 

326.4 

1.90 

10.5-10.5 

22.65 

\ 

3481 

.1  576 

21  8  28 

7  25 

233.4 

2.05 

9.3-  9.3 

14.72 

J 

232.6 

2.25 

9.4-  9.4 

22.73 

J 

2 

231.1 

2.24 

9.5-  9.5 

22.73 

V 

2 
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J.C. 

Name 

R.A. 

Decl. 

P 

(/ 

Wags. 

1900+ 

Obs. 

n. 

J  1.356 

h   m   s 

21  18  31 

9  32 

174.0 

4.80 

9.6-10.0 

14.73 

J 

1 

177.0 

4.95 

9.7-10.8 

21.97 

J 

1 

175.2 

5.10 

9.6-11.0 

21.97 

V 

1 

3514 

.]  161 

21  18  35 

10  37 

122.7 

1.48 

9.0-  9.0 

21.88 

J 

3 

120.0 

1.66 

9.2-  9.1 

21.93 

V 

2 

3534 

J  197 

21  25  26 

14  30 

23.9 

3.11 

9.4-  9.4 

21.93 

J 

2 

21.3 

3.00 

9.3-  9.3 

21.93 

V 

2 

3539 

J  199 

21  26  58 

8  7 

186.1 

4.09 

9.6-  9.8 

23.41 

J 

2 

186.5 

4.11 

9.8-10.0 

23.41 

V 

2 

3540 

.J  178 

21  27  2 

11  20 

188.3 

2.68 

9.5-  9.6 

23.41 

J 

2 

188.1 

2.. 54 

9.6-  9.8 

23.41 

V 

2 

35.52 

J  200 

21  30  36 

14  54 

313.3 

2.42 

9.3-  9.4 

21.90 

J 

3 

313.5 

2.63 

9.4-  9.4 

21.90 

V 

3 

3561 

.]  163 

21  32  23 

0  9 

306.9 

4.23 

9.0-10.0 

21.74 

J 

3 

305.9 

4.20 

9.1-  9.8 

21.74 

\ 

3 

3591 

.1  164 

21  41  .54 

13  57 

298.4 

3.75 

9.4-11.4 

21.97 

J 

2 

297.5 

4.31 

9.5-11.7 

21.97 

Y 

2 

3595 

J  202 

21  42  ,54 

7  0 

184.7 

3.66 

9.2-  9.5 

21.74 

J 

3 

182.1 

3.. 50 

9.2-  9.6 

21.74 

V 

3 

3614 

J    2 

21  51  18 

18  46 

33.2 

3.19 

9.4-  9.4 

22.46 

J 

4 

32.0 

3.12 

9.5-  9.6 

22.46 

V 

4 

3680 

J  179 

22  15  21 

7  36 

.311.9 

3.16 

9.3-  9.6 

21.74 

J 

3 

310.1 

3.51 

9.3-10.5 

21.74 

V 

3 

3711 

J  580 

22  23  57 

10  0 

111.6 

3.72 

9.3-  9.8 

21.74 

J 

3 

111.2 

3.92 

9.4-  9.9 

21.74 

V 

3 

3713 

J  180 

22  24  1 1 

8  46 

283.6 

4.78 

9.1-11.9 

22.96 

J 

2 

288.9 

5.15 

9.1-11.5 

21.90 

V 

1 

3753 

J  165 

22  33  56 

11  6 

137.8 

1.69 

9.4-  9.5 

21.74 

J 

3 

131.7 

2.09 

9.3-  9.4 

21.74 

V 

3 

3763 

.J  181 

22  .38  15 

10  51 

241.4 

4.43 

9.2-11.2 

22.96 

J 

2 

244.7 

4.70 

9.3-11.0 

22.96 

V 

2 

J  1357 

22  43  27 

24  40 

70.8 

4.36 

9.5-  9.6 

21.64 

J 

3 

(BD+24°4659) 

69.6 

4.72 

9.4-  9.6 

22.00 

V 

2 

3786* 

J  668 

22  49  44 

7  57 

317.0 

1.72 

9.3-  9.9 

21.74 

J 

3 

315.2 

1.98 

9.3-  9.9 

21.74 

V 

3 

3789* 

Van    2 

22  50  25 

7  58 

132.6 

3.23 

9.3-  9.3 

21.74 

J 

3 

130.5 

3.28 

9.3-  9.3 

21.74 

V 

3 

135.4 

3.67 

9.4-  9.4 

23.94 

J 

2 

132.2 

3.45 

9.3-  9.3 

23.94 

V 

2 

3825 

J  670 

23  8  0 

8  26 

193.4 

1.85 

9.2-10.2 

21.82 

J 

2 

191.9 

l.GO 

9.4-10.2 

21.82 

V 

2 

196.5 

1.71 

•  9.2-10.1 

23.02 

J 

2 

195.8 

1.48 

9.3-10.2 

23.02 

V 

2 

3871 

.1  166 

23  24  16 

16  35 

350.2 

3.71 

9.4-11.2 

21.94 

J 

3 

349.8 

4.07 

9.4-10.9 

21.94 

V 

3 

3903 

.1  167 

23  38  41 

1  46 

10.8 

4.70 

9.5-  9.5 

22.35 

J 

2 

8.7 

4.97 

9.6-  9.6 

22.35 

V 

2 

.J  1358 

23  52  21 

44  12 

358.0 

2.29 

9.9-  9.9 

16.88 

J 

1 

1.7 

2.47 

9.7-  9.9 

21.98 

J 

2 

0.1 

2.29 

10.0-10.0 

21.98 

V 

2 
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NOTES 


22  Anglo  dofroasins- 

240  Angle  dccrcasinp;. 

733  Angle  decreasing. 

752  Angle  decreasing. 
1826  Angle  decreasing. 
1839  Angle  increasing. 
20-16  This  is  BD  +8°2387  not  +S°2389. 


2092  .\iiglc  decreasing. 
2496  Distance  increasing. 
2S()9  Angle  increasing. 
3023  Angle  increasing. 
3786  Angle  decreasing. 
3789  Angle  increasing. 


Lille  Observatory, 

January  H,  1034. 


PROPER-MOTIONS  OF   CERTAIN    LONG-PERIOD   VARIABLES, 

By  ANNE  S.   YOUNG   and  ALICE   H.   FARNSWORTH. 


Proper-motions  for  the  long-iioriod  variables  of  (he 
following  list  were  determined  from  measures  of 
photographs  taken  with  the  24-inch  reflector  of  the 
Ycrkes  Observatory.  The  material  given  here  corre- 
sponds to  that  of  previous  lists  published  in  Nos.  7S4 
and  791  of  this  Journal.  The  method  of  measurement 
and  reduction  followed  is  described  in  No.  784.  Most 
of  the  later  plates  used  for  this  series  were  taken  by 
Miss  Farnsworth  during  the  summer  of  1922. 


Proper-motion  was  detectcil  by  the  stereocomparator 
for  only  one  star  in  15  fields,  and  the  date  for  this  is 
given  at  the  end  of  the  list  of  variables.  It  is  a  faint 
star  at  the  same  declination  as  d  Cygni  (magnitude 
4.6),  which  it  precedes  by  only  12".  Its  proper- 
motion  is  similar  to  that  of  the  brighter  star,  given 
in  Boss'  Preliminary  General  Catalogue,  as  No.  5014, 
Mo,  =   -».0029,  Us  =  -I- ".247. 


No. 

Resid. 

Star 

R.  A,  (1900) 

Dccl.  (1900) 

Ep. 

Int. 

Stars 

Mc 

Ms 

in 
a 

5 

U  A  rieiis .... 

h     m      s 
3    5  30.09 

+  U  25  14.8 

05.10 

15.01 

17 

-.008  .0006 

-.012 

8 

1 

RR  Librae  .  .  . 

15  50  38.90 

-18    0  39.9 

09.54 

10.00 

16 

-.007  .0005 

-.010 

15 

2 

R     Ophiuchi 

17    2    1.31 

-15  57  34.0 

08.48 

14.14 

15 

-h.006  .0004 

-.019 

6 

0 

T     Sagillarii 

19  10  28.08 

-17    8  46.8 

07.50 

15.04 

20 

-.008  .0006 

-h.oio 

2 

4 

R     Cygni    .  .  . 

19  34    8.12 

-1-49  58  29.6 

07.45 

15.08 

23 

4-. 020  .0021 

-h.009 

2 

2 

W    Aquarii 

20  41  10.21 

-   4  26  51.1 

07.77 

11.85 

IS 

-.044  .0030 

-I-.018 

4 

2 

U     Ca-pricorni 

20  42  34.44 

-15    9    5.4 

07.70 

14.93 

24 

-I-.020  .0014 

-h.041 

2 

1 

RZ  Cygni    . .  . 

20  48  32.16 

-i-46  58  43.3 

07.62 

14.96 

22 

-.012  .0012 

-h.035 

16 

9 

X     Capricorni 

21     2  49.20 

-21  45    0.8 

07.75 

14.90 

17 

-h.027  .0019 

+  .016 

4 

3 

Z     Capricorni 

21     5    3.24 

-16  34  48.7 

07.60 

15.05 

9 

-  .032  .0022 

-.012 

14 

6 

RT  Aquarii     . 

22  17  42.00 

-22  33  34.4 

07.68 

14.97 

13 

-I-.050  .0036 

-(-.049 

9 

8 

Y     Cassiopeiae 

23  58  13.57 

-f  55    7  26.3 

07.78 

14.80 

20 

-.011  .0012 

-f.OOl 

8 

8 

Anon,  Mag.  13.5 

19  33  33.6 

-f49  59  20 

07.45 

15.08 

14 

±  .000  .0000 

+  .271 

1 

1 

Ml.  Holyoke  College,  South  Hadley,  Mass., 
May,  1924. 
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ON   PERIODIC   CHANGES   IN   THE   POSITION   OF  POLARIS, 

By  B.   GERASIMOVIC. 


In  his  well-known  investigations  of  yearly  refrac- 
tion L.  CouRvoisiER  found  that  the  mean  place  of 
Polaris  undergoes  periodic  oscillations  corresponding 
to  the  motion  of  the  bright  star  around  the  centre  of 
gravity  of  the  system,  as  indicated  bj'  the  spcctro- 
graphic  observations.  He  later'  determined  the  period 
of  this  oscillation  to  be  10  years,  which  is  in  fair  agree- 
ment with  the  first  oscillation  period  of  7,  i.  e.,  of  the 
velocity  of  the  system,  announced  by  Campbell^  in 
1910.  This  result  is  important,  not  only  as  a  piece 
of  astrometric  work,  but  it  has  considerable  theoretical 
interest.  Polaris  is  a  Cepheid,  or  more  properly,  a 
so-called  pseuclo-Cepheid.  The  discovered  oscillation, 
if  established,  would  prove  that  this  star  is  really  a 
liinary  with  a  long  period  and  thus  lead  us  to  suppose 
that  many  variables  of  similar  type  with  analogous 
oscillations  of  7  are  also  binaries,  a  conclusion  of  great 
importance  in  the  study  of  those  variables. 

It  seems  to  me  that  there  are  several  reasons  for 
viewing  Courvoisier's  results  with  a  certain  amount 
of  skepticism,  the  chief  of  them  being  a  new  and  more 
precise  curve  of  the  oscillation  of  7  derived  by  Miss 
Lehmann'  on  the  basis  of  spectrograms  taken  by 
A.  Belopolsky  at  Pulkovo.  The  new  curve  shows  a 
definitely  shorter  period  for  7,  8.5  years,  M'hich  can  not 
be  reconciled  with  the  oscillations  of  the  mean  place 
determined  by  Courvoisier.  This  led  me  to  under- 
take a  more  detailed  investigation  of  the  Pulkovo 
al)SoIute  positions  of  Polaris  which  formed  the  basis 
of  Courvoisier's  research,  as  it  seemed  impossible  to 
give  only  a  summing  up  of  the  observations  in  an 
average.  For  the  right-ascensions  I  used  the  series 
of  observations  in  the  catalogues  of  1865  and  1885, 
and  for  the  declinations  those  in  the  catalogues  of 
1865. 

'  Aslronomische  Nachrirhien  203,  S5,  1910. 

2  "Stellar  Motions"  p.  253. 

•■  Pulkovo  Mitieilungen  6,  No.  5,  1914. 


1. 


Pulkovo  Right-Ascensions, 
Catalogue  ok  1865. 


An  excellent  scries  of  observations  of  right-ascensions 
was  made  by  Wagner  between  1860  and  1872,  both 
by  Eye  and  Ear,  (O),  and  by  Chronograph,  (R).  I 
investigated  the  differences  Aa  =  a  —  ao,  where  a 
represents  the  mean  place  corresponding  to  the  obser- 
vation and  tto,  the  mean  place  of  the  catalogue.  This 
investigation  disclosed  in  the  Aa's  large  deviations  from 
the  average  in  greater  numbers  than  would  be  expected 
according  to  the  error-law.  From  the  829  obser- 
vations, 15  were  excluded  on  the  basis  of  Pierce's 
criterion  used  with  the  greatest  precision.  The  sys- 
tematic difference  O  — R,  (Eye  and  Ear-Chronograph) 
was  derived  from  268  differences  in  a,  obtained  sim- 
ultaneou.sly,  with  the  following  result: 

0-R  =  -0'.412  ±  0^029,  . 

which  is  in  fair  agreement  with  the  extrapolated 
systematic  difference  from  the  value  (O  — R  =  —  0'.57) 
derived  in  the  catalogue  from  the  more  southerl.y  stars. 
Thereafter  all  the  Aa's  were  reduced  to  }/2  (0-|-R). 

A  comparison  of  the  observations  of  two  culmina- 
tions made  on  the  same  day  gives  for  the  average  of 
103  difl'erences: 

U-L  =  -f-0^055  ±  0\087 

This  difference  has  been  neglected.  All  the  obser- 
vations were  then  reduced  for  aberration  using  the 
Internafioiuil  aberration  constant  and  were  corrected 
for  parallax.  The  adoption  of  the  most  probable 
trigonometric  parallax  0".05,  did  not  eliminate  the 
considerable  monthly  residuals  in  Aa,  indicating  the 
necessity  of  determining  t  from  the  observations 
themselves.     I    made    use    of    the    value    derived    by 
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L.    DE    Ball''    from    these    observations.    -        n    (II.j, 
which  coni])lotoly  cHininated  the  monthly  rt'siiliiuls. 

Tliese  investigations  resulted  in  a  homogeneous 
system  of  Aa's.  In  view  of  the  comparatively  long 
period  of  the  oscillations  of  y,  the  Aa's  have  been 
combined  into  means  covering  two  to  five  months. 
This  process  did  not  give  absolutely  equal-weighted 
means  but  the  possible  changes  in  the  cond)iiiati()ns 
would  have  little  eiTect  on  the  results. 


Epoch 


Aa 


1861.0 

+  0\07 

1861.4 

+0.16 

1862.0 

+  0.11 

1862.4 

+  0  .05 

1862.7 

-0.21 

1863.5 

-0.21 

1863.8 

-0.06 

1864.3 

-0.09 

1864.8 

+  0.01 

1865.5 

-0  .02 

1865.0 

+  0  .05 

Epoch 

1806.4 
1867.7 
1868.6 
1869.0 
1869.5 
1870.0 
1870.5 
1870.9 
1871.5 
1872.3 
1872.7 


+  0M)2 
-0  .01 
-0.30 
-0.10 
-0  .25 
-0.09 
-0.11 
-0  .01 
-0.02 
+  0.10 
+  0  .06 


We  see  clearly  that  the  Aa's  do  not  reveal  periods 
of  either  ten  or  eight  years.  The  observations  of 
1860-65,  all  of  which  were  arbitrarily  rejected  by 
CouRVoisiER,  give  a  maximum  of  Aa  in  1861,  which 
docs  not  correspond  in  any  way  with  the  orbit.  Other 
maxima  occur  in  1866  and  1872,  when  Courvoisier's 
orbit  gives  Aa  =  0.  But  the  changes  in  Aa  do  show  a 
certain  periodicity.  The  maxima  in  1861.5,  66.0  and 
72.5  and  the  minima  in  1863.2  and  68.5  give  a  mean 
period  of  about  5.1  years.  The  amplitude  of  this 
apparent  oscillation  is  0^11.  To  what  extent  it  repre- 
sents a  real  change  in  the  position  of  Polaris  remains 
an  open  question. 

ii.     pulkovo  rigiit-ascensions, 
Catalogue  of  1885* 

These  observations  were  made  between  1880  and 
1887  by  Wagner,  Wittram  and  Harzer.  Thirteen 
observations  were  excluded  on  the  basis  of  Pieuce's 
criterion.  Personal  differences  between  the  thrin; 
observers  were  determined  from  comparisons  of  monthly 
averages.  The  differences  Wg  — Wit,  appeared  neg- 
ligible, but  the  following  differences,  Wg  — Hrz,  were 
obtained 

Method  (O),   +0».35  *  0M8; 
Method  (R),  +0".52  ±  0".24. 

*  The  calculations  for  this  p.art  of  the  discussion  wore  m:uif  l)y 
Miss  R.  Zwetowa,  research-fellow  in  Astronomy  at  Kliarkow. 

*  AalTonomUche  Nachrichten  112,  41,  1885. 


Whh  these  differences  the  observations  were  reduced 
to  Wg.  The  comparison  (O-Il)  gave  — 0».35  =*=  O'.ll, 
in  good  agreement  with  that  derived  from  the  Cata- 
logue of  1865.  The  observations  were  reduced  to 
J^  (O  +  R).  The  comparison  of  the  two  culminations 
gave 


U 


+  0M  I   ±  0\15,  which  was  neglected. 


All  the  observations  were  then  reduced  to  the  inter- 
national aberration  and  corrected  for  a  parallax, 
IT  =  ()".05.  The  averages  then  obtained  revealed 
niontlily  residuals,  susceptible  to  a  correction  of  the 
form: 

Corr.  =   -0^08  +  OM  1  sin  (wf  +  68°) 

This  shows  that  a  parallax  nearer  zero,  such  as  ije 
Ball's  value,  will  bettor  satisfy  the  observations. 
Mean  values  of  Aa  were  derived  as  follows: 


Epocli 


Aa 


Epoch 


Aa 


1881.0 

-OMO 

1884.7 

-o^30 

1881.8 

-0.16 

1885.3 

-0.17 

1882.4 

+  0.02 

1885.6 

-0  .33 

1883.0 

+  0.02 

1886.0 

-0.18 

1883.7 

-0.01 

1886.5 

-0.27 

1884.3 

-0.11 

1887.0 

-0.20 

1887.6 

-0.38 

The  obscM'vations  reveal  a  trend  in  mean  la  pro- 
jjortional  to  the  time  i,  which  corresponds  to  an  annual 
change  of  ])lace,  corrected  for  the  adopted  proper- 
motion,  of  0".03.  The  corrected  Aa's  show  two  maxima, 
in  1882.7  and  1885.2.  There  is  no  evidence  of  CouR- 
voLSEu's  period  or  of  the  five-year  period.  The  trend 
of  the  Aa's  does  not  correspond  in  any  way  to  Cour- 
volser's  orbit.  The  maxima  in  1861.5  and  1882.6 
may  be  represented  by  a  ]ieriod  of  5.3  years,  but  I  am 
convinced  that  this  ])eri()(l  is  illusory.  Even  if  the 
trend  in  the  Aa's  in  1860-70  is  real,  I  do  not  believe 
that  it  icpresents  the  true  motion  of  Polaris. 

III.     PuLKOVo   Declumations, 
Catalogue   of   1865. 

The  ob.servations  were  made  by  Gvlden  from 
1863-71  and  by  Nyren  from  1871-75,  with  no  over- 
lapping of  observers.  The  application  of  Pierce's 
criterion  revealed  29  observations  subject  to  exclusion 
but,  as  they  were  distributed  systematically  in  time, 
no  exclusions  wei'e  made.  As  before  the  observations 
were   corrected   for  the   international   aberration   and 
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for  parallax,  using  de  Ball's  value.  The  observations 
were  then  combined  according  to  culminations  and 
the  mean  AS's  derived.  As  the  different  culminations 
entered  with  unequal  weights  in  the  separate  groups, 
the  AS's  were  corrected  for  latitude-variation,  using 
Iw^ANOw's  latitude  variations  determined  from  all 
the  stars  of  this  catalogue.  The  corrected  AS's  gave 
the  following  mean  values: 


Epoch 


AS 


Epoch 


A5 


1804.1 

+  0' 

.11 

1870.2 

(-0 

.10) 

1864.7 

+  0 

.10 

1871.7 

-0 

.01 

18G5..5 

+  0 

.07 

1872.4 

-0 

.04 

1866.9 

+  0 

.11 

1872.8 

-0 

.04 

1867.5 

+  0 

.06  . 

1873.3 

-0 

.02 

1868.7 

+  0 

.07 

1874..5 

-0 

.10 

1869.6 

+  0 

m 

1875.2 

-0 

.13 

Evidently  neither  ten  nor  five  year  periods  are  revealed 
by  AS.  The  AS's  observed  by  Gylden  are  practicall}' 
constant  with  an  average  of  +0".08.  Nyken's  AS's 
are,  likewise,  practically  constant  with  an  average  of 
—  0".05.  The  sharp  change  in  AS  with  the  beginning 
of  Nyren's  observations  maj',  therefore,  be  ascribed 
to  the  personal  difference,  Gylden  —  Nyren  =  -f-0".13. 
A  detailed  analysis  of  the  Pulkovo  observations 
of    Polaris    does    not,    therefore,    reveal    in    them    anj- 


trace  of  the  period  discovered  by  Courvoiser.  When 
I  had  nearly  completed  the  calculations  described 
above,  Prof.  A.  Belopolsky  kindly  sent  me  his 
unpublished  spectrographic  observations  of  Polaris. 
The  new  observations  and  the  new  reductions  of  the 
earlier  Pulkovo  observations  show  that  from  1906  to  the 
present  the  velocity  of  the  system,  y,  has  been  practi- 
cally constant,  changing  only  from  —17.8  km.  to 
—  16.5  km.  This  agrees  with  the  results  of  the  Lick 
observers  who  found  y  =  -15.8  km.  in  1910  and 
7  =  —17.8  in  1916.  The  period  of  variation  of  7 
must,  therefore,  be  in  the  neighborhood  of  30  years. 

There  is,  therefore,  httle  reason  for  believing  that 
Polaris  has  a  long-period  satellite  which  disturbs 
its  motion.  The  well-known  9th  magnitude  com- 
panion is  only  optical.  Courvoisier  considers  it 
a  physical  satellite  of  the  bright  star  with  a  period 
about  50,000  years  but,  as  he  himself  has  shown,  the 
distance  change  in  100  years  is  zero  and  the  change  in 
position  angle  is  less  than  the  probable  error.  Polaris 
may  be  either  a  double  star  with  a  period  of  four  days 
or,  according  to  the  pulsation  hypothesis,  a  single 
gaseous  sphere  wi4:h  a  pulsation  period  of  four  days. 
In  its  effect  upon  the  theory  of  Cepheid  variation, 
this  negative  result  in  the  search  for  a  longer-jicriod 
variation  in  the  jjosition  of  Polaris  is  important. 

Astronomical  Ohscrvatorii,  Kharhoff,  Russia, 
December,  1923. 


ON   THE   DISTANCE  OF  THE   LARGE   MAGELLANIC   CLOUD, 

By  RALPH  E.  WILSON. 


In  Harvard  College  Ohservalorij  Bullelin  No.  801, 
April  1,  1924,  Miss  Cannon  gives  the  photographic 
magnitudes  of  32  stars  of  Class  0  in  the  Lai'gc  Magel- 
lanic Cloud.  As  there  can  be  no  question  but  that 
these  stars  are  actually  within  the  Cloud,  they  must 
all  be  at  the  same  order  of  distance  from  us  and  their 
apparent  magnitudes  may,  therefore,  be  taken  as 
measures  of  their  absolute  magnitudes.  While  we 
have  no  means  of  getting  an  accurate  color-correction 
to  reduce  the  photographic  magnitudes  to  visual,  an 
approximation  may  be  made  by  using  the  color- 
correction  for  the  Class-B  stars,  —  0'".2  The  total 
range  in  magnitude  of  the  Magellanic  stars  is  about 
five  magnitudes. 

In  an  unpublished  investigation  of  the  motions  and 
mean  luminosities  of  the  galactic  Class-0  stars  we 
find  a  range  in  the  mean  absolute  magnitudes  of  some 
four  magnitudes.  If  we  maj'  assume  that  the  stars 
of  this  type  have  similar  luminosities  regardless  of 
their  situation,  we  may  use  them  to  get  an  estimate 
of  the  distance  of  the  Large  Magellanic  Cloud.     For 


instance,  we  find  that  the  brightest  galactic  Class-0 
stars  have  a  mean  absolute  magnitude,  M  =  —5.8, 
the  faintest  give,  M  =  —1.5,  while  the  median  value 
from  84  stars  is  about,  M  =  —3.1.  The  three  brightest 
Magellanic  Class-0  stars  have  a  mean  visual  magnitude, 
m  =  10.2;  for  the  three  faintest,  vi  =  14.3;  while 
the  mean  value  is,  m  =  12.5.  If  we  assume  that  the 
latter  have  the  absolute  magnitudes  defined  by  the 
corresponding  groups  of  gallactic  stars,  we  get  the 
following  estimates  of  (he  paralhix  of  the  Cloud: 


Bright  stars 
Faint  stars 
Mean  magnitudes 
Mean 


'.000056 
.000063 
.000079 

.000066 


It  is  a  coincidence  that  this  value  of  the  parallax 
is  almost  the  mean  between  the  estimate  by  Hertz- 
sprung,  ".000 P,  and  the  vahie  derived  by  Shapley^ 
from   the  apparent   diameters  of   five  clusters  within 
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the  Cloud,  ".000029.  The  distance  corresponding 
to  this  value  of  the  parallax  is  15000  parsecs,  or  50000 
light  years.  It  is  of  interest  to  note  that  this  distance 
is  about  the  same  as  the  mean  of  the  estimates  of 
Hertzsprung'  and  Sii.vpley'  for  the  distance  of  (he 
Small  IMagellanic  Cloud,  10000  and  19000  ]iarsecs 
respectively,    ftnd    quite    in    harmony    with    Heutz- 


sprung's  suggestion^  that  the  two  clouds  are  moving 
together  in  space. 

'  Astrononiische  Nachriclilcn  196,  'JO I,  1914. 
-  Monihly  Notices  80,  782,  1920. 
3  The  QhscnmloTij  46,  58,  1923. 


Dudley  Ohscrvalory,  Albany,  N. 
May  3.9,  1924. 


ELEMENTS  AND  EPHEMERIS  OF   1923    IT  21, 

By   ERNEST  CLARE  BOWER  .4nd  JOHN  EDWIN  WILLIS. 
[Communicated  by  C.vptain  E.  T.  Pollock,  U.  S.  Navj',  Supprintcndeut  of  U.  S.  N.aval  Obiscrvatoiy.] 

1923  II'  21  was  discovered   1923  May   24   by   G.  H.  Peteks   at   Washington,  estimated    magnitude    12.5. 
Observations  by  him  with  the  10-inch  triplet  are  as  follows: 


G.  C.  T. 


Astrop-.afie  1900.0 
a  & 


AX  AY 

unit  =.0000  001 


From  Orbit  I 
An  AS 


Fi-om  Orbit  II 


From  Orbit  III 


(1)  1923  May 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 


.Inn. 


July 


24.19097 

25.20139 

20.223(51 

2.17011 

5.1().597 

10.15417 

18.15903 

19.13611 

1.09583 


244  28 
244  12 
243  55 
242  2 
241  14 
239  50 
237  59 
237  46 
235  27 


30.9 
14.1 
42^6 
46.2 
26.4 
9.9 
29.4 
17.1 
36.6 


+  0  51  29.0 
+  0  49  51.1 
+  0  48  0.0 
+  0  30  13.3 
+  0  19  45.4 
-0  1  20.7 
-0  44  20.2 
-0  50  20.7 
-2  14  46.8 


+  203 
+  180 
+  1.34 
+  196 
+  190 
+  1S6 
+  138 
+  175 
+  188 
AZ=- 


+  263 
+  279 
+  304 
+  268 
+  273 
+  275 
+  303 
+  283 
+  274 
-267 


+  10.4 
+  9.9 
+  10.3 


-4.4 
-3.0 


0.0       0.0 


-6.1 


+  0.1 
+  0.3 
+  1.5 
+  1.0 
-3.5 
0.0 
-0.8 
-0.4 
-0.5 


-1.0 
-  0. 1 

+  0.4 
+  0.8 
+  0.4 
0.0 
+  3.2 
+  1.S 
+  0.0 


0.4 
0.1 
1.2 
1.0 
2.6 
0.0 
0.9 
0.6 
0.0 


-1.0 
-0.0 
+  0.5 
+  1.3 
+  0.8 
0.0 
+  1.9 
+  0.3 
-4.8 


Orbit  I,  a  chrect  solution  by  Leuschner's  method, 
Lick  Pub.  7,  was  based  on  (1),  (2)  and  (3)  as  a  normal 
first,  (6)  as  middle,  and  (9)  as  third  place,  a',  a", 
S',  8",  were  derived  from  (1),  (4),  (6),  (8)  and  (9). 
The  residuals  are  tablulated  above. 

A  single  correction,  giving  Orbit  11  and  the  following 
elements,  yielded  the  residuals  talndatcd  above. 

Elements  and  Const.\nts  eor  Equ.ator 

Epoch  =  1923  June  10.14297     C.C.T. 

M  =  239°.09473 

fjL  =  0°.2678.5()4                                        w/o  =  11.4 

a  =  2  .383425                                            g  =    8.8 

e  =  0  .301105 

i  =  24°  13'  38".6  ] 

Q,  =  96    59  32  .1  /  1900.0 

CO  =  290   31    10  .2) 

X  =  .913291  r  .sin  (118°  10'  45".9  +  V) 

y  =  .948391  r  sin  (  36    45    18   .6  +  V)  >  1900.0 

z  =  .516192  r  sin  (340   27      1   .4  +  V) 


This  nstcroid  doc^  not  seem  to  be  identical  with 
any  for  which  an  orbit  has  been  ptd)lishcd.  It  has 
l)cen  named  I'otomnc. 

The  i)arallax  was  treated  as  in  A.  ./.  28,  108  and 
as  .suggested  in  A.  J.  34,  29.  This  m<>lh()d  is  simplest 
when,  as  usual,  the  residntils  arc  formed  (Hrcctly  and 
not  by  comjiarison  with  ;iii  cjjhcmcris. 


G.C.T. 


1924   Julv 


1924-25  Ephemeris 

Cti900  ^1900  ('*) 


Aug. 


Sept. 


Oct. 


13 

2  54.0 

23 

3  18.6 

2 

3  42.3 

12 

4    5.0 

22 

4  26.3 

4  46.1 

11 

5    3.9 

21 

5  19.4 

5  32.1 

1  1 

5  41.7 

2 1 

5  47.4 

8  51  ^,^  (1.709)  11.1 

8    6  .j",'  1.619  11.0 

7  31  ^|!  1.547  10.9 

7    5  j^  1.178  10.8 

6  48  ,,  1.109  10.7 

6  39  'I  1.342  10.6 

6  36  \  1.274  10.5 

6.35  ^  1.206  10.3 

6  31  jj^  1.138  10.2 

6  21  2^  1.071  10.1 

5  57  ,,  (1.701)  10.0 
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G.C.T. 

1924  Oct.    31 
Nov.  10 

20 
30 
Dec.  lOj 
20 
30 

1925  Jan.      9 

19 
29 

Fell.  8 
18 
28 

Mar.  10 
20 
30 
9 
19 
29 
9 


Apr. 


Mav 


5  48.7 
5  45.5 
5  37.7 
5  26.5 
5  13.1 
4  59.8 
4  48.9 
4  41.6 
4  38.7 
4  40.0 
4  45.2 

4  53.7 

5  5.0 
5  18.5 
5  33.9 

5  50.8 

6  8.8 
6  27.8 
6  47.3  , 


5  10 

3  50 
-  1  47 
+  0  59 

4  26 
8  13 

12  3 
15  41 
18  56 
21  46 
24  13 
26  18 

28  4 

29  33 

30  46 

31  43 

32  26 

32  56 

33  13 
+  33  17 


(r) 

P 
0.947 
0.896 
0.859 
0.840 
0.844 
0.875 
0.932 
1.013 
1.115 

(1.955) 
1.-364 
1.504 
1.650 
1.800 
1.952 
2.104 
2.254 
2.401 
2.544 

(2.301) 


9.9 

9.7 

9.7 

9.7 

9.7 

9.8 

10.0 

10.2 

10.5 

10.7 

11.0 

11.2 

11.4 

11.6 

11.8 

12.0 

12.2 

12.4 

12.6 

12.8 


At  opposition  a  correction  to  tho  cphcnieris  of  +1'" 
in  a  corresponds  to  +8'. 3  in  5. 

Addendum 

Identity    with     (323)     Brvcia    is    unlikely.     Obser- 
vations of  the  latter  are  represented  as  follows: 


Reference 

Date 

From  Orbit  II 
Aa         A5 

Prom  Orbit  III 

Aa                A5 

/      »/             t     tt 

AN  139,  101 

1891  Dec.  22 

-19.4  -1  56 

+25  46.0  -15  26.4 

101 

23 

-19.6  -1  56 

+25  53.1  -15  43.5 

129,    1.5 

31 

-19.8  -1  55 

+26  16.5  -15  43.6 

31 

1892  Jan.      1 

-19.9  -1  54 

+26  23.5  -15  44.4 

Keeping  the  other  elements  of  Orbit  II  unchanged, 
n  =  0°.2680097  was  found  to  give  residuals  for  1891 
Dec  31  of  Aa  =  O-^.O,  A5    =    -23'.     Introducing  the 

corresponding  -in  the  correction  gave  Orbit  III,  which 
a 

represented  all  observations  as  tabulated. 

By  correcting  the  data  of  Orbit  III,  an  orbit  with 

1892,  Jan.  1  as  first,  (1)  as  middle,  and  (9)  as  third 

place,  gave  these  residuals: 


1S91 
Dfc.  22 


1891 
Dec.  23 


1892 
Jan.  1 


(1) 


Aa    +   56.6    +   52.4 
A5     -314.5     -296.4 


-4.2  0.0 
-1.5  0.0 


(5) 

+  0.7 
-12.2 


(6) 


(9) 


+   6.0     +0.1 
-14.5        0.0 


Altho  perturbations  are  neglected,  the  run  of  these 
residvials  and  a  discrepancy  of  1.4  magnitudes  seem  to 
disprove  identity. 

The  above  is  volunteer  work. 

U.  S.  Naval  Obsenalory,  Washington,  D.  C, 
1924  March  19. 


OBSERVATIONS  DE  PLANETES  ET  DE  COMETE, 

FAITES     A    l'oBSERVATOIUE   DE    BESAN90N,    EQUATORIAL  COTIDE    UE   0"'.33   d'nUVCrturO, 

Par  M.  p.  CHOFARDET. 


Dates 

T.  m. 
Besan9on 

A  A.R. 

JD.P. 

Cp. 

A.R.  app. 

log  f.p. 

D.P.  app. 

log.  f.p. 

R^d.  au  j. 

• 

IKJ 

(10)  Hygeia 

li      m      8 

Oct,    30 

7  1     29     +2  29.93 

-   8  30.1 

9,12 

22  13  12.28    8.840»i 

96  36  27.4    0.851?-. 

+  2.58     -20.3       1 

31 

6  43  IS     +2  39.50 

-   8  30.4 

9,12 

22  13  21.83    8.974?) 
(11)  Parthenope 

96  36  27.2    0.851  r. 

+  2.56     -20.2       1 

Aviil    9 

12  26  40 

+  0  47.53 

-   3    6.3 

9,  0 

15  54  58.39 

9.372?! 

103  10    9.3 

0.870W 

+  1.73 

-    0.0 

2 

Mai      4 

11  41  32 

+  0    5.69 

-   3    6.6 

9.  6 

15  40    0.99 

9.103/1 

101  46    2.3 

0.875??. 

+  2.19 

+   0.5 

3 

5 

10  33  26 

~0  44.19 

-   6  24.7 

9,  C 

15  39  11.12 

9.357;i 

101  42  44.2 

O.S67?i 

+  2.20 

+   0.5 

3 

(16)  Psiche 

Juin      7 

10  59    0 

-0    3.97 

-   7  30.9 

9,  8 

14  25  21.78 

9.214 

100    5  59.3 

0.865r. 

+2.21 

+  4.1 

4 

8 

11  11     2 

-0  30.16 

-   8  56.5 

9,  8 

14  24  55.59 

9.276 

100    4  33.6 

0  863?, 

+  2.21 

+   4.0 

4 

9 

1 1     5  40 

-0  54.78 

-10  13.2 

9,  8 

14  24  30.97 

9.275 

100    3  16.9 

0.803;, 

+  2.21 

+  4.0 

4 
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Dates 

BeUon         '■'■''■       1      ■^"■''        1    ^■'-   1      •^•'^■^'"■'-       1    '"^ '■■''• 

D.P.  app. 

log  f.p. 

HM.  au  j. 

* 

(21)  Lvielio 

1»!3 

li       m      s            III      8                        '       »                             li      m      8 

O           /            It 

s                             " 

Aviil    9 

11     3  40 

- 1  36.27 

+   7  20.1 

9,  8 

13  28  40.46 

9.119?, 

91  41   14  3 

0.84Gr, 

+  1.90 

+   7.8 

5 

10 

1 1  35  5C 

-2  33.54 

+   2    3.9 

9,12 

13  27  43.20 

8.835?) 

91  35  58. 1 . 

0.840?) 

+  1.91 

+   7.8 

5 

Mni      4 

10  47  58 

-0  18.75 

-    2  17.7 

6,  6 

13    6  28.19 

8.697 

92  50  40.9 

0.829?) 

+  1.92 

+   8.4 

6 

5 

9  46    4 

-1    0.76 

.  -    5  11.4 

9,  6 

13    5  46.17 

8.701r 

92  47  47.2 

0.829?) 

+  1.91 

+   8.4 

6 

(43)  Aiiadne 

Oct.    31 

7    7  33 

+  0  58.22 

-10  23.1 

9,  6 

23    0  12.95 

9.118?! 

90  39  34.2 

0.815?; 

+  2.81 

-21  6 

7 

Nov.     'i 

7  50  40 

-2    4.65 

+  2    2.2 

6,  8 

23     1  47.02 

8.422  ^i 

90  44  26.7 

0.816?) 

+  2.77 

-21.2 

8 

8 

6  37    4 

-0  49.50 

+  2  35.4 

9,  8 

23    3    2.14 

9.125?. 

90  45    0.0 

0.816?: 

+  2.74 

-21.1 

8 

Dec.     5 

7  37    7 

+  0  29.99 

-    0  40.1 

9,  6 

23  24    0.70 

9.064 

89  41     4.4 

0.809n 

+  2.53 

-19.1 

9 

6 

7  44    4 

+  1  32.95 

-    5    8.0 

9,  9 

23  25    3.65 

9.122 

89  36  36.5 

0.808?) 

+  2.52 

-19.1 

9 

(48)   Dorh 

Sept.  13 

9  43    9  1  +0  36.58  |  -    0  41.0  |  G,   0  |  23    5  45.90  |  9.287ri 

>  (56)  Mtkte 

92  45    7.4  1  0.827?) 

+  3.05  1  -21.4  1  10 

Aviil  17 

9  48  15 

+  0  41.80 

-    0    8.6 

6,  4 

11  15  41.45 

8.281 

87  55  40.4 

0.795), 

+ 1  59 

+  12.6 

11 

IS 

9  45  14 

+  0  15.79 

-    6  21.2 

9,   6 

11   15  15.43 

8.377 

87  49  27.7 

0.795?) 

+  1.58 

+  12.5 

11 

Mai      3 

9  35  51 

-3    3.29 

+   9  30.3 

'.1.10 

1111  37.71 

9.065 

86  30    4.3 

0.786?) 

+  1.43 

+  11.5 

12 

4 

9  36     1 

-3    5.79 

+   5  58.5 

9,12 

1  1    1 1  35.20 

9.090 

86  32  32.4 

0.786)) 

+  1.42 

+ 1 1'.4 

12 

(60)   Echo 

Oct.    31 

7  31  10     -0  59.32 

-    3  25.7    9,  6     23  11  50.72 

9.048?. 

94  34  50.4    0.839?? 

+  2.85     -20.2 

13 

Nov.     8 

7  43  37     +0  38.14 

-    8  53.1     9,  8    23  12    2.67 

8.556?) 

94  47  58.2    0.842?) 

+  2.75     -19.6 

14 

(75)    Ein  ydicc 

Dec.     5 

7    7  38  1  -2  46.13  |  -    3    8.3  |  9.12  |  23  21  21.35  |  8.847 

(80)   Sapphn 

91  50    5.0  1  0'.S23?) 

+  2.52  1  -18.4  1  15 

Avril    9 

11  59    8 

+  3  51.53 

+   2     1.2 

9;   9 

15  11  58.16 

9.327?) 

107  50    4.6 

0.889?) 

+  1.96 

+    1.0 

16 

Mai      4 

11   15  26 

-3  22.71 

-10  36.7 

9.  9 

14  51  16.13 

8.942?? 

104  57    8.9 

0.890?) 

+  2.27 

+   3.2 

17 

5 

10  14  46 

-0  59.61 

-12  12.0 

9,   6 

14  50  19.83 

9.261?? 

104  49  34.1 

0.883?) 

+  2.28 

+  3.4 

18 

.)uin      7 

10  35  26 

-C  14.59 

-    0  28.7 

9,   8 

14  23  26.36 

9.107 

100  58  33.1 

0.871/) 

+  2.22 

+   4.4 

19 

8 

10  51  26 

-0  43.21 

-    5  22.3 

9,  8 

14  22  57.74 

9.210 

100  53  39.4 

0.869?) 

+  2.22 

+  4.3 

19 

9 

10  46  43 

-1     9.91 

-10    3.4 

9,   8 

14  22  31.03 

9.208 

160  48  58.3 

0.869); 

+  2.21 

+   4.3 

19 

(83)  Beatrix 

Nov.    8 

7    6  46  1  -2  30.14  |  +10  41.9  |  9,12  |  23    6  55.14  |  8.964r; 

(89)  Jnlia 

98  35    8.3  1  0.861?) 

+  2.73  1  -18.6  |20 

Sept.     7 

9     1     9     +0  24.1C     -    5  38.6    6,8     19  48  10.51 

8.482 

109    8  34.5    0.9(!7?; 

+  2  87     -15.6    21 

13 

9    2  15     -0  16.54     -    9  37.5    6,6     19  47  53.28 

8.881 

108  22  38.1     0.903?) 

+  2.77     -15.6    22 

(107)  Camilla 

Mar.s  10 

10  59    7 

-1  50.89 

-    9  31.1 

9,12 

12    8    7.61 

9.208?) 

89  48  34.0 

0.810?) 

+  1.71 

+  10.8 

23 

17 

11  24  10 

-0  51.63 

-    0  18.0 

9,  8 

12    7  29.13 

9.052?) 

89  41  52.8 

0.809?) 

+  1.72 

+  11.0 

24 

Avril    9 

10  34     1 

+  2    0.83 

-    1  54.7 

9,  8 

11  53  32.17 

8.279?) 

87  15  30.9 

0.790?) 

+  1.72 

+  11.4 

25 

10 

10  39  38 

+  1  29.56 

-    7  29.3 

9,  6 

11  .53    0.88 

7.203?. 

87    9  56.3 

0.787?; 

+  1.70 

+  11.4 

25 

(110)  Lycha 

Fovr.    9 

7  33    2  1  -4     8.77  |  -    2  33.2  |  6,  8  |     4  32  16.59  |  8.494 

64     6  51.7  |0..503?. 

+  0.96  1  +   5.6  1  26 
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Dates 

T.ni. 
Besaii9on 

JA.R. 

JD.P. 

Cp. 

A.R.  app. 

log  f.p. 

D.P.  app. 

log  f.p. 

Red.  au  j. 

* 

(111)  Ate 

i;t23                    ii       m      8             ni      8                         in 

b       m      8 

O             /           U 

ff 

Avril  18 

10  11  27 

-2  28.59 

+  15    6.8 

9+2 

12  25  10.97 

8.724n 

100  54    7.2 

0.874// 

+  1.95 

+  11.5 

27 

Mai      3 

10  13  15 

+  0  58.90 

-   3  55.9 

9, 

8 

12  16  30.89 

8.848 

99  42    4.2 

0.867/i 

+  1  84 

+  12.3 

28 

4 

10     3     1 

+  0  35.88 

-    7  59.5 

9, 

6 

12  16    7.86 

8.771 

99  38    0.6 

0.867// 

+  1.83 

+  12.3 

28 

(117)  Lcmia 

Nov.     5  1    8  30  32  |  +0  36.04  |  +   7  29.7  |  6, 

3  1    0  32  23.73  |  9.074 

(130)   Elecirn 

73    2    5.3  1  0.652n 

+  3.41  1  -21.6 

29 

Avril    9     10    3  32     +3  50.23     +   7    9.3    9+2 

11  54  10.99 

8.889/i 

71    3  55.7    0.622?i 

+  1.61     +   9.0 

30 

10      9  57  49     +3  15.62     +   2  40.2    9+2 

11  53  36.39 

9.902;t 

70  59  26.5    0.621n 

+  1.62     +   8.9 

30 

(177)   Irvin 

Dec.      6  1    8  10    5  1  -1  31.85  |  -    9  55.0  |  9, 

8|    0  53  30.14  1  8.417 
(189)  Phlhia 

82  31  34.0  1  0.751// 

+  3.14  1  -17.5 

31 

Mai     15  1  11  54  50  |  -3    7.39  |  +1     30.0  |  9+2  |  15  50  49.23  |  8.660/( 

105  16  52.4  1  0.893// 

+  2.37  1  -    0.6 

32 

(211)  I  soldo 

Mars  16       9  48  50     -2    0.57     -    8  54.1     9, 

8      8  56  57.22    8.660 

77  42  48.3     0.703/. 

+  1.39     +13.7 

33 

17     10  14  35     -2  16.04     -10  49.3     9, 

8       8  56  41.74    8.994 
(216)  Cleojxdia 

77  40  53.0    0.705// 

+  1.38     +13.6 

33 

Juill      4     10  2312     +052.17     -    0    5.1     9, 

8     16  23  20.65    8.921 

99  33  14.7    0.867/. 

+  2.55     -    4.8 

34 

5     10  29    4     +0  19.32     -    1  14.9     6, 

8     16  22  47.80    9.C06 

99  32    4.8    0.866/, 

+  2.55     -   4.9 

34 

(308)  Pohjxo 

Avril  10 

1 1     5  56 

+  2  45.30 

-   4  58.6 

9+2 

12  54  11.94 

8.79571 

94    0  22.4 

0.837/i 

+  1.89 

+  9.7 

35 

18 

10  40  55 

-1    7.98 

+  2  19.7 

9, 

8 

12  48  27.13 

8.6 12« 

93  10  35.0 

0.831// 

+  1.89 

+  9.7 

36 

j\lai      3 

10  35  41 

-0    4.96 

+  4  18.1 

9, 

6 

12  38  57.17 

8.842 

91  54  19.3 

0.823k 

+  1.82 

+  9.6 

37 

4 

10  24  19 

-0  32.99 

+  0  19.2 

9, 

6 

12  38  29.14 

8.757 

91  50  20.3 

0.823« 

+  1.82 

+  9.5 

37 

Juin      8 

9  56  40 

-1  44.73 

+  7  32.5 

9, 

8 

12  36    3.09 

9.376 

91   13  33.4 

0.818// 

+  1.55 

+  7.3 

38 

9 

10     1     6 

-1  2+83 

+   9  20.3 

9, 

8 

12  36  22.98 

9.397 

91   15  21.2 

0.817// 

+  1.54 

+  7.3 

38 

(322)   Phaeo 

Oct.    30      7  36  43     -2    8.52     +   8  58.5    9, 

S    21  28    8.46 

8.853 

93  53  46.4    0.836// 

+  2.38     -21.2    39 

31       8    3  32     -1     6.43     +   8  41.6    9, 

6    21  29  10.53 

9.086 

93  53  29.6    0.835// 

+  2  36     -21.1     39 

(409)  Aspoiia 

Oft.    30       8    5    7  1  +1  16.60     -13    5.9    9, 

6    21  44  45.99    8.960 

89  16  45.7    0.806n 

+2.44  1  -22.6    40 

31       8  30  51  1  +1  48+6     -   9  45.7    9, 

8    21  45  17.54     9.147 
(444)  Gyviis 

89  20    5.9    0.806/- 

+  2.43  1  -22  6    40 

Juill      4     11    8  26     +0  54.65     +    143.0    9, 

8    18  35    2.42    8.833« 

96  17  35.0    0.850// 

+  2.71      -12.2    41 

5     10  53  18     +0  52.47     +  8  20.7    9, 

8    18  34  11.09    8.935n 
(451)   Palienliu 

96  17  57.6    0.849?i 

+  2.72     -12.3    42 

Mai    15 

11  21     0 

+  0    8.24 

+  4  35.2 

9, 

6 

13  37  17.94 

9.112 

80  36  24.0 

0.735// 

+  1.85 

+   4.1 

43 

Juin      7 

10  13  14 

+  2  16.80 

-    1     8.C 

9, 

8 

13  28  49.74 

9.255 

82  10    9.0 

0.7o3« 

+  1.70 

+   2.4 

44 

8 

10  30  39 

+  2    8.12 

+    1  39,2 

9, 

8 

13  28  41.05 

9.328 

82  15  56.7 

0.756ri 

+  1.69 

+   2.3 

44 

9 

10  26    5 

+  2  23.88 

-   3  41.3 

9, 

9 

13  28  33.95 

9.327 

82  21  47.2 

0.758?) 

+  1.68 

+   2.3 

45 
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Dates 

T.in. 
Besan9on 

JA.R. 

JD.P. 

Cp. 

A.R.  app. 

log  f.p. 

D.F.  app. 

log  f.p. 

Red.  au  j. 

* 

I92S                        II         in         8 

Fevr.    9  1    8    131 

-1  13.21 

+   3  34.0  1  9,  8 

(488)  Kieusa 
4  34    9.34  1  8.908 

(779)  Nina 

07  11  49.8  1  0.502/i 

+  0.92  1  +   6.6  1  46 

Mars  K)     10  20  58 

-0  50.57 

+   4  28.7 

9.   8 

9  15  44.49 

8.833 

89  34  ll.()    ().808;( 

+  1.48     +10.0    47 

17     10  5(140 

-  1  30.40 

+   0  40.1 

9,.  8 

9  15  10.65 

9.134 

89  30  29.0    0.808;, 

+  1.47     +10.0    47 

Comete 

19236  (D'Aruest-Reid) 

Dec.     (5  1    6  51  33 

-0  33.28 

+   2  21.2  1  9,  6 

22  53  50.30  |  9.020 

114    8  41.2]  0.91  On 

+  2.22  1  -11.2  1  48 

Positions  moyennes  des 

etoiles  de  Comparaison. 

* 

A.R.   1923.0 

D.P.   1923.0 

Autoritfe 

* 

A.R.    1923.0 

D.P.   1923.0 

Autorit^s 

1 

h      m      s 

22  10  39.77 

96  45  17.8 

.4.  (7.  Wkn-Oiial:   7908 

25 

li      m      s 

11  51  29.02 

87  17  14.2' 

A.  G.  Albany           4375 

2 

15  54    9.13 

103  13  16.2 

A.G.Camb.  U.S.   5539 

20 

4  36  24.40 

64    9  19.3 

A.G.Cavib.E         2142 

3 

15  39  53.11 

101  49    8.4 

A.  G.  Camb.  U.  S.  5482 

27 

12  27  37.01 

100  38  48.9 

A.G.Camb.  U.S.  4543 

4 

14  25  23.54 

100  13  26.1 

A.  G.  Camb.  U.  S.   5088 

28 

12  15  30.15 

99  45  47.8 

A.G.Wien-Oiiak    4534 

5 

13  30  14.83 

94  33  46.4 

A.  G.  Strasbourg      4884 

29 

0  31  44.28 

72  54  57.2 

rapaA.G.BeilA     165 

6 

13    6  45.02 

92  52  50.2 

.4.  G.  Sira,\boiiT(j      4781 

30 

11  50  19.15 

70  56  37.4 

ropaA.G.BerlA  4540 

7 

22  59  11.92 

90  50  18.9 

A.G.  Nicolajew       5770 

31 

0  54  58.85 

82  41  46.5 

A.  G.Leipzig  II        335 

8 

23    3  48.90 

90  42  45.7 

A.  G.  Nicolajew       5783 

32 

15  53  54.25 

105  15  23.0 

A.G.  Woshintjon    5828 

9 

23  23  28.18 

89  42    3.6 

A.  G.  Nicclajew       5828 

33 

8  58  50.40 

77  51  28.7 

lap  a  A.  G.  Ljjz I     3645 

10 

23    5    6.27 

92  52    9.8 

Abbadia                  13104 

34 

10  22  25.93 

99  33  24.6 

A.G.Wien-Oiiak    5701 

11 

11  14  58.06 

87  55  36.4 

A.G.Albanij           4243 

35 

12  51  24.75 

94    5  11.3 

A.  G.  Strasbourg      4708 

12 

11  14  39.57 

86  26  22.5 

A.G.Albany          4240 

30 

12  49  33.22 

93    8    5.6 

A.  G.  Strasbourg      4704 

13 

23  12  47.19 

94  38  30.3 

.4.  G.  Slnif-.bourg     8015 

37 

12  39    0.31 

91  49  51.6 

A.G.  Nicolajew       3450 

14 

23  11  21.78 

94  57  10.9 

-4.  G.  Sira.sbomg     8008 

38 

12  37  46.27 

91    5  53.6 

A .  G.  Nicolajeiv       3445 

15 

23  24    4.96 

91  53  32.3 

A.  G.  Slrasboitrg     8059 

39 

21  30  14.00 

93  45    9.1 

A.G.StiCisbouig      7541 

16 

15    8    4.67 

107  48    2.4 

A.  G.  Washinglon  5597 

40 

21  43  20.95 

89  30  14.2 

A.  G.  Nicolajew      5510 

17 

14  54  36.57 

105    7  42.4 

A.  G.  Washinglon  5529 

41 

18  34    5.06 

96  16    4.2 

A.  G.  Wien-Otiak    6247 

18 

14  51  17.16 

105    1  42.7 

A.  G.  Wa.^hingicn  5508 

42 

18  33  15.90 

90    9  49.2 

A.G.Wien-Otiak    0238 

19 

14  23  38.73 

100  58  57.4 

A.G.Camb.  U.S.  5081 

43 

13  37    7.85 

80  31  44.7 

A.G.Leipzig  11      6477 

20 

23    9  22.55 

98  24  45.0 

A.G.Wien-OUak    8241 

44 

13  26  31.24 

82  11  15.2 

A.G.  Leipzig  II      0424 

21 

19  47  43.54 

109  14  28.7 

Paris                      20983 

45 

13  20    8.39 

82  25  26.2 

A.G.  Leipzig  II      6421 

22 

19  48    7.05 

108  32  31.2 

Bordeaux                 5992 

40 

4  35  21.03 

67    8    9.2 

A.G.BeilinB         1484 

23 

12    9  56,79 

89  57  54.3 

A.  G.  Nicolajew      3378 

47 

9  16  39.58 

89  29  26.9 

A.G.Nicahjcw       2850 

24 

12    8  19.04 

89  41  59.8 

A .  G.  Nicolajew      3372 

48 

22  54  27.36 

.114    0  31.2 

Cordoba  A              15461 

REMARQUES 

Planfites.  —  (56)  Aviil  17,  Ic  ceil  .sc  covivre  rajiidcment.     (117)  Novembrc  5,  aiiet  des  mcsiiixs,  cpais  llu:lfi(^•. 

Comete  19236  (D'Arkest-Reid):  D^cembrc  0,  la  Coni^te  de  12.5  a  13  fi,Tandeur,  apparait  coniiiu  iiiic 
petite  ndbulositd  flouc,  de  20" au  plus  de  diam^tre,  sans  noyau  bien  d^fini.  Los  mesurcs  sont  p6nib]os.  Pom 
notre  latitude,  I'aspect  do  cet  astre  est  ceitaincmciil  modifi6  ctant  donn6  sa  yjroxiniite  de  {'horizon  brunicux. 

Obsercatoire  de  Besancon, 
3  Juin,  1934. 
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PARALLAXES   OF   FIFTY   STARS, 

DETEKMINED  BY  PHOTOGRAPHY  WITH  THE  26-lNCH  MCCORMICK  REFRACTOR, 

By   CHARLES   P.   OLIVIER. 


The  list  of  piirallaNcs  is  in  continuation  of  those  giv- 
en in  the  Asltonomlcal  Journal  Nos.  778,  79(),  803,  808, 
823  and  824.  An  asterisk  in  the  first  cohimn  is  to  in- 
dicate that  the  measures  on  the  star  were  com])letcd 
by  Director  S.  A.  Mitchell  and  prepared  for  solution 
by  least  squares  while  the  writer  was  on  leave  of  ab- 
sence for  the  year  fiom  the  McCormick  Observatory. 
As  usual  the  solutions  were  cariicd  out  bv  Miss  ErDORA 


Magill.  In  the  values  of  the  proper  motions,  the 
letter  C  indicates  that  the  result  is  taken  from  Cin- 
cinnati Fuhlications,  No.  18,  instead  of  from  Boss.  The 
parallaNcs  given  are  relative  to  the  mean  parallax  of 
the  comparison  stars  of  about  the  tenth  magnitude. 

Lcandcr  McCormick  Observatory,  University  of  Virginia, 
February  29,  1924. 


No. 

Star 

1900 

Magnitude 

and 
Spectrum 

Proper-motion 

Relative 
Parallax 

R.  A. 

Decl. 

Total 

Right  Ascension 

Boss 

Observed 

525* 

7  Pe(jusi 

h       m 

0      8.1 

+  14  38 

2.9  B2 

0.013 

.000 

-.015 

-.007  =t. 

012 

527 

s"  Androvieche 

0  42.0 

+  23  43 

4.3  KO 

0.129 

-.102 

-.118 

+  .037 

9 

528 

T  Cassioj.eiae 

0  50.7 

+  60  11 

2.2  BOp 

0.030 

+  .030 

+  .003 

+  .033 

8 

529 

V  Persei 

1  31.9 

-t-48    7 

7.8  KO 

0.127 

+  .061 

+  .057 

-.007 

10 

530 

B.  D.  +63=224 

1  35.7 

+  63  24 

7.7  KO 

-.044 

+  .032 

8 

531 

AOe  1867-8 

1  36.7 

+  63  22 

8.2  K2 

0.70 

-.397C 

-.418 

+  .078 

7 

532 

/3  Arietis 

1  49.1 

+  20  19 

2.7  A5 

0.147 

+  .096 

+  .151 

+  .091 

12 

533 

31  Arietis 

2  31.2 

+  12     1 

5.7  F5 

0.297 

+  .285 

+  .266 

+  .012  ■ 

10 

534 

30'  Arietis 

2  31.2 

+  24  13 

7.4  F5 

0.152 

+  .152 

+  .125 

+  .018 

11 

535 

30-  A]  id  is 

2  31.2 

+  24  13 

6.6  F5 

0.140 

+  .140 

+  .105 

+  .009 

12 

5315 

Lalande  4855 

2  32.7 

+  30  25 

7.2  GO 

0.625 

-.489C 

-.481 

+  .031 

10 

537 

e'  Tauri 

4  22.8 

+  15  44 

4.0  KO 

0.108 

+  .104 

+  .087 

+  .032 

10 

538 

ff-  Tauri 

4  22.9 

+  15  39 

3.6  FO 

0.107 

+  .104 

+  .078 

+  .023 

10 

539 

58  Persei 

4  29.7 

+  41    4 

4.5  G4p 

0.025 

-.006 

+  .020 

+  .023 

8 

540 

TT*  Orionis 

4  45.9 

+   5  26 

3.8  B3 

0.007 

-.004 

+  .012 

+  .001 

8 

541* 

9  Ononis 

4  50.7 

+  13  21 

4.3  KO 

0.103 

-.082 

-.080 

+  .015 

10 

542 

P  Eriduhi 

5    2.9 

-    5  13 

2.9  A3 

0.119 

-.088 

-.072 

+  .049 

9 

543 

W.  B.  5''  87 

5    7.1 

-    9  12 

8.0  KO 

0.57 

-.059C 

-.091 

+  .054 

9 

544 

f  Tauii 

5  31.7 

+  21     5 

3.0  B3p 

0.028 

+  .003 

+  .013 

-.006 

8 

545 

u  Oiionis 

5  33.7 

-   2  39 

3.8  BO 

0.001 

.000 

-.003 

-.014 

7 
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No. 

Star 

1900                 1 

Magnitude 

and 
Spoctrum 

Proppr-motion                ] 

Relative 
Parallax 

H.  A. 

Dccl. 

Total 

Right  Ascension 

Boss 

ObscTVpd 

5U) 

■)  Mohoirriitis 

li       m 

6  10.0 

-   6  11 

1.1    KO 

0.021 

-.001 

-.009 

+  .f)09  ±. 

006 

5-17 

T  MoiuHcrctiti 

6  19.8 

-1-   7    8 

6.2  (",511 

0.029 

-.OOi) 

-.012 

8 

518 

0  (UmiiKiruin 

6  16.2 

+  31     5 

3.6  A 2 

0.055 

+  .00(i 

-  .004 

+  .011 

8 

519 

Lulandc  13942 

7    8.4 

+  47  25 

5.6  CO 

O.IM 

+  .039 

+  .057 

+  .020 

9 

550 

LuUuuk  18286 

9  12.0 

+  29    0 

7.3  KO 

0.517 

+  .()70C 

+  .059 

+  .049 

8 

551 

Lulundv  19022 

9  37.2 

+  43  11 

S.l   K2 

0.819 

+  .012C 

-  .004 

+  .066 

8 

552 

fi  Lconii 

9  17.1 

+  26  29 

4.1   KO 

0.227 

-.219 

-.223 

+  .015 

7 

553* 

X  Visac  Mitjoriti 

10  1  1.1 

+  43  25 

3.5  A 2 

0.168 

-   162 

-.153 

-.013 

1  1 

554 

6  Leon  is 

11     9.0 

+ 1 5  59 

3.4  AO 

0.106 

-.061 

-.015 

+  .010 

s 

555 

y  Crateris 

1  1   19.9 

-17    8 

4.1  A5 

0.107 

-.107 

-.063 

+  .025 

1 1 

556 

a  Hoot  is 

11  30.3 

+  30  11 

4.5  KO 

0.228 

+  .193 

+  .208 

+  .02.S 

10 

557 

Ldliuide  27026 

14    16.0 

-23  52 

7.7  K2 

1.022 

-.928C 

-  .929 

+  .080 

10 

558* 

ir.  B.  15''  268 

15  17.7 

+    1  47 

S.7  KO 

()..507 

-.369C 

-.346 

+  .030 

15 

559* 

5  Seipenlis 

15  30.0 

+  10  53 

4.2  FO 

0.068 

-.068 

-  .056 

+  .006 

8 

5liO* 

X  Sei  1  cnlis 

15  41.6 

+   7  40 

4.4  CO 

0.244 

-  .235 

-.218 

+  .090 

12 

51)1 

t  Uirculis 

16  5(i.5 

+  31     4 

3.9  AO 

0.050 

-.Ol(i 

-  .055 

+  .004 

9 

5()3 

6  Uoculis 

1 7  52.8 

+  37  16 

4.0  KO 

0.006 

+  .003 

+  .022 

-  .003 

7 

5(i4 

V  Ilercidis 

17  54.7 

+  30  11 

4.5  FO 

0.004 

+  .001 

-  .023 

+  .001 

10 

5G5* 

67  Ophiitclii 

17  55.6 

+   2  56 

3.9  Hop 

0.014 

+  .001 

-.001 

-.001 

12 

566 

e  Aquilae 

18  55.1 

+  14 '56 

4.2  KO 

0.100 

-  .0()4 

-  .0<S2 

+  .017 

9 

567 

X  Aquilae 

19    0.9 

-    5    2 

3.6  R9 

0.093 

-.025 

+  .020 

+  .034 

9 

568 

6  Aquilae 

20    6.1 

-    1     7 

3.4  AO 

0.031 

+  .031 

+  .014 

+  .01  1 

1  1 

569 

GjocmhridfjC  3357 

20  56. 1 

+  39  51 

(;.(i  Fs 

0.314 

+  .230C 

+  .269 

+  .007 

12 

570 

Lalar.de  42128 

21  33.0 

-    2  45 

N.S  (15 

0.566 

+  .501C 

+  .467 

+  .027 

Hi 

571 

T  Aquaiii 

22  1G.5 

-    1  53 

1.0  AO 

0.123 

+  .123 

+  .110 

+  .0(J0 

( 

572 

f  Peg  a  si 

22  36.4 

+  10  18 

3.6  R8 

0.078 

+  .077 

+  .065 

-  .OOC) 

14 

573 

0  Andi omedae 

22  57.3 

+  41  47 

3.6  R3 

0.031 

+  .023 

+  .013 

-.001 

10 

574 

86  Aqmnii 

23    1.3 

-24  17 

4.8  C5 

0.068 

+  .068 

+  .039 

-.003 

.5 

575 

Lcdnnde  46495 

23  38.5 

+  57  30 

7.0  C2 

0.610 

+  .38()C 

+  .394 

-.020 

7 

576 

Pi  23''2()7 

23  59.7 

+  34    6 

6.2  C, 

0.766 

+  .761C 

+  .804 

+  .036 

12 

ORBIT  (3F  THE   FIl'lH   SATELLITE  OF  JUPITER, 

Uy   jambs    ROBERTSON, 
(("imiiimnicalcd  by  C.\I'T.\in  Kdwi.s  T.  I'hi.i.ock,  U.  S.  Navy,  SuiM'riiitciuli'iit   I'liitccl  Stateir  Nav:il  OI)siTv:itnry.) 


Tlic  ijctcniiiiuitioii  of  flic  orhil  of  this  Salcllitc  is 
hascd  on  Lick  and  Ycrkcs  Observations  In'  10.  K. 
B.vuN.VRD,  published  in  the  Astronomical  Jownal,  \q\. 
XII,  i)agc.s  81-85  and  161-173.  They  are  referred  to 
the  ob.served  positions  of  the  belts  of  Jupiter  as  given 
therein.  The     observations     were     divided     into 

groujis,  the  duration  of  each  group  not  exceeding  six 
minutes,  and  the  correction  for  aberration  applied  to 
the  mean  tin.c  of  each  grouj).      .\fter  43  observations 


were    rejected    leu-    \aiious    and    (il)vi(;us    reasons,    300 
groujis  were  Idrnied  from  1291  observations. 

Ihc  following  ne>latie)n  is  iiseel: 

P       —    Positie)n-nnfile'    eif    satellite'    w  he  n    in    supe  rie)r 

conjnnci  ion. 
{/       =    Angle  at   llie    planet  betwe'cn  the'  ne)ele  anel  the 

semi-axis  minor  of  the  ajiiiarent  eclipse. 
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B       =    Angle  bet\\een  the  plane  of  the  orbit  of  satellite 
and  the  line  from  observei  to  planet. 

N      =    Ascending  node  of  orbit  of  satellite  on  Equator. 

J       =    Inclination  of  orbit  of  satellite  to  Equator. 

u        =    True  angular  distance  of  satellite  from  ascend- 
ing node. 

)/o      =    Value  of  ?/  at  epoch. 

e        =    Eccentricity  of  orbit  of  satellite. 

CO    .  =    Planetocentric  angular  di.stance  of  leiiccntcr  of 
satellite  from  ascending  node. 

a        =    Semi-a>is  major  of   orbit   of    satellite   (at   di.s- 
tance  5.2). 

n       =    Mean  n^otion  of  satellite. 

p       =    Distance  from  Earth  to  plane't. 

Po      =    Distance  for  \\hich  a  is  taken. 

)•        =    Radius  vector  of  satellite  as  seen  at   distance  p. 

ro       =    «  when  e   =   0 

Po  ro  .  • 

Ti       =    [1    —  Sin  )•  cos  B  cos  (w  — fO] 

P 

p       =    Pcsiticn-angle  of  satellite. 

.s        =    Angular    distance    cf   satellite    from  plane t    as 

seen  from  Earth, 
a.  S    =    Right-Esccnsion  and  dcclinatim  of  I'.h'.net. 
(i       =    Angle  between  the  picjection  of  the  iifiidian 

and   the   projection   of  the   n  ajor  axis  u]^on 

the  apiiaient  flli]\se. 
h        =    57. 3f  sin  o 
A'        =    57. 3(?  cos  w 

The  rectangular  coordinates  used  in  forming  the 
residuals  were  computed  from  the  following  formulae*: 

cos  B  cos  U  =  cos  5  cos  (a  — A') 

cos  B  sin  U  =  .sin  5  sin  J  +   cos  5  cos  ./  sin   (a— A') 

sin  B  =  —  sin  S  cos  ./  +  cos  5  sin  J  sin  (a— A') 

cos  B  sin  P  =  —  sin  ./  cos  (a  — A') 

cos  B  cos  P  =  cos  5   cos   J   +    sin  5  sin  ./   sin  (a  — A') 

)■     =  P"  ''" 
P 
s  sin  (/)  —  P)  =  ro  sin  {u  —  U) 
s  cos  (p  —  P)  =  ro  sin  B  cos  {ii  —  U) 
X    =  s  cos  (G  —  p) 
y  =  .s  .sin  (G  —  p) 

Precession,  nu1:tion,  parallax  and  the  last  term  in 
the  value  of  r,,  were  found  to  be  negligible.  The  ob- 
served values  of  G  recorded  by  Bahn.\rd  are  v  sed. 
The  coordinates  of  JupUcr  were  taken  from  the  A7ne7- 
ican  Ephcmeiif!. 

The  following  differential  formulae  were  used  for 
computing  the  rcpiations  of  condition. 

*  Mahtii,  Mniilhh/  A'oticcs,  Vol.  47. 


57.3 


cos-  ip  —  P)  sin  [' 


tan  B 


.s'      rsin  2 
57^3  L 


cos  /J  sin  2  (p~P)  cos  LH 


Ij)  —  P)  cos  S  cos  /•" 


2  tan  B 
_  co.s-  (p  —  P)  sin  .7  cos  U' 
tan  B 


,       s     cos  B  sin  2  (p  —  P)  s 

5/. 3  2  tan  B  is 


SN 


s      fcos  B  sin  2  (p  —  P)  cos  if 


57.3  1_  tan  B 

~cos  B  sin  2  (/;  —  P)  sin  u 


57.3 


tan  B 


-\-  sin  11  I  h 
k 


)S  u 


8p 


=  ^^^—     sin  B  tan  B  cos  U 

0/.3  Ip-  s- 

sin  2(p  —P)  sin  U        cos  C' 


I 
5773  I  p=  .s- 


2  Ian  B 
tan  B  cos  5  cos  P 


cos  B 


sin  2  (/)  —  P)  sin  J  cos  {/        sin  ./  sin  U 


1 
57^3 


2  tan  B 

sin  />  5  (/o 


SJ 


SN 


57.3  p=  .s= 


cos  B 

.sin  /i  cos  II. h 


2       )•-      . 

+ sm  /)   sin  ?(./,• 

t)/.3  p=  .s= 


o.i;  =   -  rt.s'  -)-  7/  £/)  , 


-  5.S 


.T  5 /J 


1  hese  formtdae  are  not  as  con\ciiient  as  those  used 
\)}  Walter  S.  Harshman  or  ITkkmann  Struve,  but 
as  the  work  was  well  advanced  before  their  formidae 
were  published,  for  the  sake  of  continuity  no  change 
was  made.  Advantage  was  taken,  however,  of  the 
opportunity  (o  check  the  forUiUlae  used  by  me  by 
transforn  iiig  (hem  into  tliose  given  by  Harshman 
and  Htruve. 

The  con]|)u1a(i()n  was  based  on  the  following  pro- 
visional elen  en(s:    T  Ik-  oi'bit  being  nssun cd  as  circular: 

Epoch  =  1892  Oct.  11. 0  G.M.T. 

Period  =  0''.49817!)S 

a  =  47".88  (at  distance  5.2) 

./  =  25°     42'.4 

A^  =  358°     58'.9 

((  =  315°     41'.U) 


The  foil 


ownig  ar( 


(  he  normal  e(|Uat  ions: 
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28.7802  + 


5N 


itlo 


1  5451   -       0.5851 
IS  +  34.0424  +     50.0007 
38.2183  -f    5fi.2202 


k  &ro 

1.95S0  -  2.2769 

4.0158  -  5.7793 

3.0483  -  5.1103 


343.5018  -  105.4G20  -  147.2051  = 


-  9.2085 
-23.1876 
-21.3362 
-67.7008 


Tlio  solution  of  tiic  iioinial  ('(|iiations  gives: 

8J  =  -0°  .25353  ±  0°.0483 

5A'  =  -0°  .55468  ±  0M109 

5wo  =  +0M6763  ±  0M134 

/,  =  _0   .17018  ±  0   .0261 

k  =  -0   .05935  ±  0   .0479 

5)-  =  -0".01836  ±  0".()M1 

Substituting  the  abovo  valuer  of  /;  ami   A:  in  the  for- 
mulae: 

57. 3e  sin  co   =   h 
57.3  e  cos  co  =  k 


we  find, 


e    =  0.00315 
o)    =  250°   46'.4 


0.00102 
3°  23'  .8 


The  precession  of  the  node  was  found  from  the  fol- 
lowing formulae: 

AJ  =  cos  N  Ae  —  sin  A'  sin  t  Axp 

AN  =  —  sin  N  cot  J  Ae  —  cosN  sine  col  ./^  A  >/- +  cos  f  A  i/' 

At  =  -  0".4684 

A<p  =  +  50".256 

The  values  of  Ae  and  Ai^  arc  taken  from    the    Amer- 
ican Ephcmeris.    From  this  we  find: 

AJ    =  +  0'.0013  {t  -  1892.8)      (/  is  in  units  of  years.) 
AN  =  +  0'.0079  (/  -  1892.8) 

Applying  these  corrections  to  the  assumed  elements 
we  have  the  following  elliptic  elements: 

Epoch    =  1892  Oct.  14.0  H.M.T. 
Period    =  0''.498179 

n   =  722°.63176 

a  =  47".8616  ±  0".0144  (at  distance  5.2) 

./  =     25°27'.2  -I-  0'.0013  (/  -   1892.8) 

A^  =  358°  25'.0  -f  0'.0679  (/  -   1892.8) 

u  =  315°  51'.22 

e  =  0.00315  ±  0.00102 

w  =  250°46'.4  ±  3°23'.8 


65.0655  +    34.6801  =   -M5.5619 
362.7252  =   -|- 19.2606 

The  sum  of  the  squares  of  the  residuals  derivc-d  from 
the  fquations  of  condition  is  37.233  and  the  number  of 
equations  300,  therefore  the  probable  error  of  a  single 
group  of  observations  is  ±  0.240.  From  the  quantity 
[AA6]  =  37.233  we  also  find  the  probable  error  of  a 
grouji  of  observaf  i'ons  is  =>=  0.240. 

The  action  of  the  Sun  on  the  jiosition  of  to  is  opressed 
approNimately  as  follows: 


Ao)  =  %n 


(1  +  cos-^./) 


where  n  =  mean  motion  of  satellite 

t.  =  periodic  time  of  satellite 

/o  =  periodic  time  of  planet 

./  =  inclination  of  orliit  of  satellite  to  (Hpiator 

Solving  this  equation  we  find: 

Ao)  =  0°. 00475  per  year 

From  this  we  conclude  that  the  action  of  the  Sun 
on  0}  is  so  small  that  we  can  safelj^  neglect  it. 

As  the  nearest  other  satellite  {Satellite  1)  is  over 
tw'ice  as  far  from  Jupiter  and  has  a  mass  of  only  0.000017 
that  of  Jupiter  we  can  safely  neglect  the  action  of  the 
other  satellite  on  the  position  of  co. 

If  we  assume  that  Jupiter  is  composed  of  homo- 
geneous spheroidal  shells  the  motion  of  the  pericenter 
caused  by  the  flattening  at   the  poles  is  expressed  by: 


Aco 


"cm 


1    -|-   -   cos  ()/   —  O))   -f 


./ 


where  //  =  daily  motion  of  satt'llite 

Qc  =  equatorial  radius  of  Jupiter 

a  =  semi-major  axis  of  orbit  of  satellite 

e  =  eccentricity  of  orbit  of  satellite 

u  =  mean  longitude  of  satellite 

to  =  longitude  of  pericenter 

./i  =  the  accelerating  constant  (Its  valu(>  0.02190 
is  taken  from  Laplace) f. 

*  Harshman,  A.ilronomicnl  Jniirnnl  No.  331 . 

i  Mecanique  Celeste,  2nd  Part,  Book  VIII,  ('liiijitor  DC. 
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From  solving  this  (Miuatioii  we  find: 


Aco    =   2°. 478  per  day  (In  this  solution  Op 
distance  5.2  and   n 


18".94  at 
^    722°.63) 

A  comparison  of  the  above  longitude  of  the  pericenter 
with  that  derived  bj'  Miss  E.  E.  Dobbin  from  observa- 
tions made  in  1902|  shows  an  apparent  motion  of 
the  pericenter  of  2°. 484  per  day.  This  value  differs 
only  0".006  from  the  value  obtained  theoretically 
given  above.  (Miss  Dobbin  made  four  determinations 
of  the  longitude  of  the  pericenter  from  four  different 
groups  of  observations.  I  selected  the  results  of  the 
third  determination  because  the  probable  error  of  to 
in  this  group  was  less  than  in  the  first  and  fourth 
groups  and  she  refers  to  the  value  of  e  in  the  second 
group  as  unsatisfactory.  Also  because  I  had  made  use 
of  these  observations  several  years  ago  for  another  pur- 
pose and  I  found  the  third  group  the  most  reliable.) 

TissERAND  developed  a  theory  of  the  motion  of  this 
satellite  and  published  his  determination  of  its  elements 
Oct.  8,  1894§.  He  found  the  value  of  co  for  Nov.  1.0, 
1892  to  be  356°  with  a  motion  of  +  882°  per  j'ear  or 
2°.42  per  day. 

X  Astronomical  Journal,  No.  .562. 
^  Compies  Rendus,  Vol.  119. 


Dr.  Fritz  Cohn,  after  an  elaborate  investigation  of 
the  orbit  of  this  satellite,  published  his  determination 
of  its  elements  Sept.  11,  1896.  He  found  the  value  of 
CO  for  Nov.  1.0,  1892  to  be  207°.2  with  a  motion  of 
911°. 7  per  year  or  2°. 50  per  daj'||. 

It  is  to  be  noted  that  the  determinations  of  Tisserand 
and  Cohn  differ  149°  for  the  longitude  of  a-,  and  30° 
in  its  motion  per  year. 

I  first  derived  the  elements  of  this  satellite  in  1893 
from  observations  furnished  in  manuscript  by  E.  E. 
Barnard.  These  were-  adopted  by  the  American 
Ephemeris,  and  after  1911  by  the  Connaissance  des 
Temps.  When  a  more  extended  group  of  observations 
was  published  in  January  1893,  a  redetermination  of 
the  elements  was  begun.  The  work  was  well  advanced 
when  Dr.  Cohn  published  his  elaborate  discussion  of 
this  orbit  Sept.  11,  1896.  After  this  publication  it  did 
not  seem  necessarj'  to  complete  the  discussion.  But 
when  E.  E.  Barnard  published  his  article  on  this 
orl)it,  I  thought  that  my  discussion  should  be  finished. 

II  Asironomischi:  Nachrichlcn,  Nos.  3403-4. 

U.  S.  Naval  Observatory,  Washington,  D.  C, 
1923,  Dec.  3. 


OBSERVATION   OF   THE  TRANSIT  OF  MERCURY  ON   MAY  7,    1924. 

ICommunicated  by  R.   A.   Rossiter.) 


The  ingress  of  Mercury  was  observed  at  Ann  Arbor 
with  the  12 34 -inch  refractor  of  the  Detroit  Observator.y 
fitted  with  a  polarizing  helioscope.  The  Ann  Arbor 
sidereal  time  of  exterior  tangency  was  7  hours  9  minutes 
3.4  seconds;  of  interior  tangency,  7  hours  11  minutes 
50.5  seconds.  A  lag  of  probably  8  or  10  seconds 
occurred  in  observing  the  instant  of  exterior  contact, 


but  the  error  in  observing  the  instant  of  interior  con- 
tact was  certainly  not  over  3  seconds. 

The  observation  was  made  by  Assistant  Pro- 
fessor R.  A.  Rossiter,  the  times  recorded  by  Pro- 
fessor W.  J.  Hussey  and  Mr.  H.  F.  Schiefer. 

Detroit  Obserratitry ,  Ann  Arbor,  Michigan, 

May  27,  192 J,. 


OBSERVATIONS  OF  NOVA  CYGNI,  1920, 

MADE    AT    THE    LEANDEB    MCCORMICK    OB.SERVATORY, 

By    HAROLD    L.    ALDEN    and    OTHERS. 


The  following  observations  of  the  visual  magnitude 
of  Nova  Cygni,  1920,  have  been  made  for  the  most 
part  by  the  writer.  The  observations  made  by  other 
members  of  the  staff  of  the  McCormick  Observatory 
have  been  included  because  they  were  too  few  to 
justify  separate  publication.  The  name  of  the  ob- 
server is  given  in  the  column  headed  "Remarks," 
the  absence  of  a  name  indicating  that  the  writer  is 
responsible  for  the  observation.  Estimates  of  the 
brightness  of  the  Nova  made  by  Dr.  Olivier  during 
the  summer  following  its  ajipcarancc  have  not  been 
included. 


Harvard  magnitudes  of  the  comparison  stars  have 
been  used  in  the  reduction.  For  the  brighter  stars,  the 
magnitudes  have  been  taken  from  the  Harvard  Annals. 
The  magnitudes  of  the  fainter  comparison  stars  are 
based  on  measures  by  Mr.  Leon  Campbell  with  the 
twelve-inch  meridian  photometer  and  were  kindly 
supplied  by  him  in  advance  of  publication.  These 
were  adjusted  slightly  to  conform  to  the  relative 
magnitude  as  seen  in  the  twenty-six  inch  refractor. 
The  number  of  comparison  stars  appearing  in  the 
record  of  the  observation  is  given  in  the  fourth  column. 

The  observations  prior  to  September  4,  1920,  were 
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made  with  the  naked  eye.  From  September  10  to  25, 
1920  a  low  power  field  glass  was  used.  All  subsequent 
observations  were  made  with  a  six-inch  telescope, 
the  five-inch  finder  or  the  twenty-six  inch  refractor. 
The  observations  to  September  21,   1920  have  aj)- 


peared  in  the  rejiorl  of  the  American  Association  of 
Variable  Star  Observers  for  Noveniliei-,  1920,  in 
Popuhir  A i>trono7nij. 

Leander  McCormick  Ohaerratory,  ihiii'irsily,  Virninia, 
March  5,  1024. 


ORSlCmATIONS    OF    NOVA    CYGNJ,    1920 


Date 

,1.  D. 

Magn. 

No.  of 
Stars 

Homnrk.s 

1920 

2,422,000-1- 

Aug.    24 

501.8 

2.2 

5 

Haze 

25 

562.5 

2.6 

2 

Haze 

562.7 

2.5 

2 

Clear 

26 

563.5 

2.8 

3 

Clouds 

563.8 

2.9 

2 

Clear 

28 

565.8 

3.(i 

5 

30 

567.5 

4.0 

1 

Sept.      1 

569.7 

4.2 

3 

2 

570.0 

4.4 

3 

3 

571.6 

4.5 

2 

4 

572.6 

4.(i 

1 

10 

578.6 

5.3 

3 

11 

.579.5 

5.4 

2 

12 

580. 5 

5.3 

3 

13 

.581.5 

5.8 

2 

11 

582.6 

5.8 

2 

15 

583.7 

5.7 

1 

Hi 

584.5 

(i.O 

3 

17 

585.6 

(i.O 

1 

IS 

586.6 

5.9 

2 

20 

588.6 

(i.2 

3 

21 

589.5 

(i.l 

2 

22 

590.6 

6.1 

1 

24 

592.5 

6.5 

1 

25 

593.6 

6.6 

1 

Oct.       4 

602.6 

8.1 

2 

9 

607.5 

8.4 

1 

15 

613.6 

8.S 

3 

22 

620.6 

9.3 

2 

Nov.     3 

632.7 

9.4 

3 

20 

649.6 

9.2 

4 

Dec.     14 

673.6 

9.0 

4 

1921 

Feb.     1 5 

736.9 

9.3 

6 

Mar.    Hi 

765.9 

9.5 

7 

May    19 

829.8 

9.9 

Olivier 

May   31 

841.8 

9.4 

2 

Date 

.1.  D. 

Magn. 

No.  of 
Star.s 

Romark.s 

1921 

2,422,000-1- 

Sept.     7 

940.7 

9.8 

2 

Oct.     10 

973.5 

9.9 

3 

Oct.     13 

976.5 

10.0 

1 

1 922 

2,423,000-1- 

June    23 

229.8 

11.1 

3 

(  )l.I\  IKH 

Aug.      (i 

273.6 

10.8 

5 

23 

290.6 

10.5 

1 

Sept.    14 

312.7 

11.0 

3 

Mitchell 

15 

313.7 

1  1.0 

.5 

22 

320.6 

11.1 

5 

26 

321.7 

11.3 

3 

Mitchell 

Oct.       5 

333.5 

10.9 

5 

24 

352.6 

10.9 

5 

Nov.      5 

364.0 

11.2 

3 

Mitchell 

Hi 

375.6 

11.1 

3 

19 

378.6 

10.6 

2 

Dec.    23 

412.5 

10.8 

4 

1923 

.bin.     Hi 

136.0 

10.4 

3 

Mar.    19 

498.9 

11.0 

5 

Mn,y      1 

5-11.8 

11.0 

3 

Mitchell 

June      8 

579.8 

11.2 

4 

July    20 

621.8 

11.4 

3 

Aug.    14 

646.0 

11.4 

3 

Sept.    16 

679.7 

11.5 

3 

Oct.      r. 

15 

699.7 
7(IS.7 

11.9 
11.2 

4 
1 

Mitchell 

15 

708.7 

11.2 

2 

Robinson 

17 

710.6 

11.9 

4 

Mitchell 

21 

714.5 

1 1 .4 

8 

2(i 

719.7 

12.0 

4 

Mitchell 

Nov.      1 

725.6 

12.0 

6 

VVS.SOTSKY 

1 

725.6 

11.6 

6 

10 

734.6 

11.1 

5 

Dec.      3 

757.6 

11.6 

6 

11 

765.7 

11.5 

5 

ERRATA   TO   OBSERVATIONS   OF   COMET   1922c    (BAADE). 


p.  101,  line  -11,  for  12.85  read  12.87  and  for  18.5  read  19.4 

-  3,  instead  of  note  on  Jan.  17  read  "In  the  At^lr 
p.  102,  star  20,  for  2.20  read  2.22  and  for  49.7  read  50.6. 


-1-17.2324,  for  .4    =   -1.9235  read  -0.9235. 
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PARALLAXES   OF  THIRTY-THREE   STARS, 

KKOM  PL.\TES  TAKEN  WITH  THE  40  INCH  REFKACTOU  OF  THE  YEIiKES  OBSERVATORY, 

By  OLIVER  J.  LEE  and  GEORGE  VAN  BIESBROECK. 


The  iulluuiiig  iiaraiiuNcs  have  been  obtained  in  the 
last  fe»/  J  ears  in  intervals  of  time  that  could  be  spared 
ficni  other  investigations.  Many  of  these  fields  are 
such  as  have  been  carried  along  for  some  longer  time 
than  is  usually  the  case  because  better  conditions  of 
"seeing"  or  longer  exposures  were  required.  Ver.y 
often  in  such  cases,  when  there  is  no  choice, 
the  arrangement  of  the  comparison  stars  is  far  from 
ideal.     In  consequence  our  average  probable  error  is 


larger  than  usual,  =»=  ".0108.  On  the  aveiage  13.8 
plates  and  4.5  comjiarison  stars  \\erc  used  in  each  field. 
Eleven  parallaNcs  in  this  list  were  gotten  by  Mh.  Van 
BiESBROECK  and  twenty-two  by  Mk.  Lee. 

A  later  Publication  of  the  Yerkes  Observatory  will 
contain  further  details.  The  number  cf  parallaxes 
published  from  Yerkes,  including  this  list,  is  258.  The 
proper-motion  given  is  the  annual  proper-motion  in 
Right  Ascension  as  obtained  from  the  solutions. 


Name 

a  1900 

5  19(X) 

B.D.  No. 

Mag. 

Spec. 

Proper- 
Motion 

- 

p.  e. 

No.  pi. 

No.  of 
Cp.St. 

Mean 
Mag. 

Q  Cassiopeiae^ 

h      m 
1      5 

54  37 

+  54    236 

4.5 

.45 

+  '()22 

+  .008 

±.008 

17 

5 

10  8 

(3  Arielis 

1  49 

20  19 

+  20    306 

2.7 

.4  5 

+  .008 

+  .037 

.013 

13 

4 

11 

p2  Arietis 

2  50 

17  56 

+  17    457 

5.9 

Mb 

-.001 

+  .014 

013 

12 

3 

11 

B.G.C.  2381 

4  46 

10  54 

+  10    654 

7.4 

F5 

+  .004 

+  .045 

008 

13 

4 

10.5 

1^612  (1) 

4  49 

7  13 

8.5 

+  .018 

+  .026 

.010 

13 

,J 

11 

2612  (2) 

4  49 

7  13 

8.8 

+  .016 

+  .036 

.009 

13 

5 

11 

Mean 

+   7    754 

A'O 

+  .032 

.007 

B.I).  21"  1079 

5  55 

21     1 

+  21  1079 

10.7 

.000 

+  .019 

.010 

10 

5 

10 

B.C.C.  3499  .4 

(i  32 

12  16 

+  12  1219 

8.4 

G'5 

-.007 

+  .032 

.018 

12 

1 

10.5 

(' 

6  32 

12  14 

+  12  1222 

8.8 

F8 

-  003 

-.002 

.016 

12 

4 

10.5 

B.D.  12°  1228 

6  33 

12  11 

+  12  1228 

9.7 

-.001 

+  .012 

.014 

12 

3 

10.7 

B.D.  20°  1940 

7  48 

20  41 

+  20  1940 

10.5 

+  .002 

-  .004 

.010 

11 

5 

10.9 

B.D.  25°  1848 

8     1 

25  48 

+  25  1848 

9.3 

-.006 

+  .025 

.009 

17 

5 

9.9 

B.D.  25°  1849 

8     1 

25  46 

+  25  1849 

10.0 

.000 

-.008 

.009 

16 

5 

9.9 

Lai  29439 

16    3 

38  55 

+  38  2726 

8.5 

+  .021 

+  .063 

.015 

16 

4 

11 

W  17''  027 

17  23 

31     9 

+  31  3025 

9.1 

-.027 

+  .049 

.011 

16 

5 

10.8 

Lai  31822 

17  23 

31  10 

+  31  3027 

8.6 

F8 

-  .027 

+  .034 

.006 

16 

5 

10.8 

(3  Ophiuchi 

17  39 

4  37 

+   4  3489 

2.9 

K 

-.001 

+  .023 

.007 

16 

4 

10.5 

30  Droccnin 

17  17 

50  48 

+  50  2468 

5.2 

A 

,000 

+  .001 

.010 

11 

4 

10.5 

99  Herculi.s 

18    3 

30  33 

+  30  3128 

5.2 

FS 

-.010 

+  .070 

.007 

14 

4 

10.5 

NovaAquilae  (1918) 
B.D.-irf  5243 

18  44 

19  2 

0  28 
-15  23 

.000 
-  .008 

-.014 
+  .040 

.()()() 
.008 

13 
13 

5 
3 

10.5 
9.6 

-15  5243 

9.8 

(3  ('!,(,>' i 

19  27 

27  45 

+  27  3410 

3.2 

A'O 

.000 

+  .019 

.008 

17 

() 

10.5 

17  X  C  !)!)'!>■ 

19  43 

33  30 

+  33  3587 

5.0 

/•'5 

-f  .002 

+  .056 

.007 

13 

5 

10.5 

B.D.  36°  3883 

20    4 

3.6  17 

+  36  3883 

7.1 

.000 

.000 

.013 

13 

6 

11 

B.D.  5°  45.56 

20  30 

5  47 

+   5  4556 

8.2 

A'2 

+  .029 

+  .029 

.015 

13 

5 

10 

a  Cjidtii 

20  38 

44  55 

+  44  3541 

1.3 

.42,; 

+  .001 

-  .043 

.011 

12 

4 

10 

/3  Kq  11 II  Id 

21  18 

6  23 

+   6  4811 

5.1 

.1 

+  .002 

+  .079 

.012 

11 

3 

10.2 

Lf(/  42128 

21  33 

-    2  45 

-    2  5588 

8.7 

-  .030 

+  .056 

.007 

14 

5 

9.9 

W.B.  22''82 

22   ,6 

22  15 

+  22  4567 

8.8 

-  .04 1 

+  .033 

008 

11 

.5 

10.8 

33  Pef,a.'ii 

22  19 

20  21 

+  20  5139 

6.1 

(1 

+  .023 

+  .008 

.010 

15 

6 

10,8 

55  f  AriiKiiii 

22  24 

-    0  32 

4.6 

+  .012 

+  .029 

.010 

15 

.5 

10.3 

55  ("'-  .1  qiun  ii 

22  24 

-    0  32 

4.2 

+  .012 

+  .021 

.013 

15 

5 

10.3 

Mean 
a  P  ego  si 

-    0  4365 
+  14  4926 

2.6 

F5 
A 

+  .004 

+  .026 
+  .060 

.008 
±.012 

20 

4 

10.7 

23  00 

14  40 
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OBSERVATIONS   OF   (433)    EROS, 

WITH  THE  2G-INC11  kemiactou  or  the  u.  s.  naval  obseuvatoky, 

liY  ASAPH   HALL  and  ERNEST  CLARE  UOWER. 

[Communicated  by  Capt.  Edwin  T.  Pollock,  U.  S.  Navy,  Superintendent.] 


G.  M.  T. 

App.  a                 App.  d 

Obj.-* 

Comp. 

log  pp 

Ap.  pi. 
red.  of  "yl^ 

1 

Obs. 

* 

h     m       s                   o      /       // 

m       5                   II- 

s                       " 

1923  Oct.    13.81536 

7  33  42.63  +38  37  32.4 

+0    5.25  +   7  22.2 

(/lO,  8 

9.68  h(  0.267 

+  2.36  -18.5 

'  ;i 

HI 

1 

16.85594 

7  46  30.78  +38  12  39.4 

-0  54.91  +12  58.1 

dW,  8 

9.579//  0.045 

+  2.35  -li).l 

ii 

Hi 

2,3 

Nov.    2.81301 

8  56  16.38  +34  12  46.2 

+  0  48.04  -   0  53.9 

r/10,  9 

9.666//  0.388 

+  2.23  -21.4 

(1 

B 

4 

9.82393 

9  23  34.38  +31  42  38.5 

-0  13.80  -   0  23.5 

(110,  8 

9.632/1  0.399 

+  2.17  -21.9 

I 

B 

5 

14.79932 

9  42  11.69  +29  39  10.1 

-0  20.49  -   7    6.6 

dlO,  8 

9.665/i  0.500 

+  2.19  -22.2 

f 

B 

6 

Dec.    14.85013 

11   19  50.16  +12  45  52.1 

-0  21.90  -    6  54.2 

dlO,  8 

9.460    0.620 

+  2.45  —20.9 

I' 

B 

7 

1924  .Ian.    14.81888 

12  34  11.65  -    9  42  52.5 

+4  41.41  +   2  11.4 

i29,  6 

9.449//  0.802 

+  0.15  +   3.1 

!/ 

B 

8 

18.82717 

12  41  48.43  -12  42  41.6 

+  1  50.38  +   0  46.8 

/30,  6 

9.398//  0.822 

+  0.24  +   3.7 

/' 

B 

9 

26.87974 

12  55  31.29  -18  38  33.0 

-3  29.42  +   1  28.4 

fSO,  6 

8.870//  0.868 

+  0.45  +   4.8 

vp 

B 

10 

Feb.     6.87077 

13  10    6.33  -26  21  29.6 

+  2  52.46  -  6  41.2 

/.25,  5 

8.639/1  0.901 

+  0.85  +   5.2 

V 

B 

11 

8.85383 

13  12    7.88  -27  40  53.8 

-0  10.24  -    1  10.6 

dlO,  8 

8.933/i  0.904 
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